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particularly experienced and equipped, will continue to be marine 
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Gulf Coast. 
" SSC's world wide experience acquired over many years and its ex- 
, tensive facilities will be employed to augment the specialized experi- 


ence and facilities of American Exploration Company. 
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DEVELOPMENT OF STRUCTURES IN BASIN AREAS 
OF NORTHEASTERN UNITED STATES! 


J. R. LOCKETT? 
Columbus, Ohio 


ABSTRACT 


An area comprising Illinois, Indiana, Ohio, northern Kentucky, and the western parts of Penn- 
sylvania and West Virginia is considered as a distinct structural province. Stratigraphic evidence 
is cited to substantiate the premise that major positive structural features are supported by crystal- 
line cores of pre-Cambrian mountain ranges, and that the dominant crustal movement during the 
entire Paleozoic era was subsidence of the intervening areas. 

Importance of the weight of basins of accumulation and the results of their drag on the positive 
features are considered. Directions and probable extent of resultant lines of weakness in the base- 
ment complex are postulated and types of structures formed in sediments over them in Michigan, 
Illinois, and on the western flank of the Pittsburgh-Huntington basin are discussed. These features are 
shown to be primarily the results of differential subsidence, certain of the forces involved being the 
reverse of compressional. 

The Appalachian orogenesis is considered the culminating result of an era of subsidence. Lateral 
effects of orogenic stress are described and evidence reviewed supporting an opinion that the province 
discussed was shielded from direct compression by the formation of the Pittsburgh-Huntington basin. 
Deformation through central Kentucky and southern Illinois is explained as the result of a westward 
expression of orogenic stress through greater thickness of sedimentary rock. 

An experiment is described by which the genera] pattern of basal lines of weaknessin the area were 
duplicated at a small scale. 

The paper is intended to lay the groundwork for a new approach to the study of geologic structure 
in this province. 


INTRODUCTION 


Until recently detailed structural information in the upper Mississippi Valley 
was available only in isolated and unconnected areas which had been mapped by 
a number of agencies working independently on different types of projects. As a 
consequence, no comprehensive generalization of the structure could be made. 

Geologists interested in this area ordinarily have assumed that minor struc- 
tural features east of the Cincinnati arch are the results of lateral pressure caused 
by the Appalachian folding and that those in Indiana and Illinois were caused by 
or formed coincident with the uplifting of the Cincinnati, Kankakee, and La 


1 Read before the Association at Chicago, April 3, 1946. Manuscript received, November 25, 1946. 
2 Department of geology, Ohio State University. Independent project. 
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Salle anticlines. The age of these latter features has remained a matter of con- 
jecture. 

As surface and subsurface mapping progressed, certain structural trends and 
stratigraphic relations became apparent which tend to disprove many of these 
opinions. Information now available suggests that an area comprising Ohio, the 
southern peninsula of Michigan, Indiana, Illinois, and northern Kentucky should 
be considered as a distinct structural province within which the major and minor 
features are directly related but not, however, as the result of the uplift of either. 
There is no evidence to indicate that direct lateral pressure caused by the Ap- 
palachian orogeny appreciably influenced structure west of the Pittsburgh-Hunt- 
ington basin. 


GENERAL STRUCTURE 


Within the province outlined, the dominant positive areas are the branching 
northern extension of the Nashville dome, known as the Cincinnati arch with its 
Wabash spur, and the branching southern extension of the Wisconsin arch, known 
as the La Salle and Kankakee anticlines. The principal negative areas are the 
Illinois, Michigan, and Pittsburgh-Huntington basins. The trends or locations of 
these major features together with the axes of certain related minor structures 
are generalized in the map (Fig. 1). 

For an understanding of the sequence of geologic events and the types of move- 
ment which caused or influenced the development of these structures, we are 
principally dependent on the study of stratigraphy. Certain very local exposures 
of highly deformed metamorphics in Wisconsin and their relation to the overlying 
sedimentaries when linked with subsurface data from Ohio and Ontario form the 
key to an understanding of the structure of this area in very early pre-Cambrian 
time. 

The basal complex under southern Wisconsin forms a broad, southward- 
plunging arch, with a maximum relief of 1,500 feet, which branches and extends 
into the Illinois basin and across northwestern Indiana as two distinct folds in the 
sedimentaries. As already noted, these are called the La Salle and Kankakee 
anticlines. 

Weidman’ has discussed an extensive mountain system in Wisconsin which was 
practically base leveled before the Paleozoic era. A study of certain exposures in 
central Wisconsin, particularly an area of intensely deformed Huronian and Lau- 
rentian rocks in Marathon County and another of crumpled pre-Cambrian quart- 
zite exposed along the axis of the arch in Sauk County, caused him to describe 
these mountains as comparable in structure and magnitude with the Alps, the 
. Alleghenies, or the Rockies. The north-south axis of the domed erosional surface 
of complexly deformed metamorphics, the core of this ancient mountain range, 
indicates that the trend of the mountains was also north-south. The continuations 


( _ Weidman, “Geology of North Central Wisconsin,’’ Wisconsin Geol. Survey Bull. 1 
1907). 
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of the same axes into southern Illinois and across central Indiana is the only re- 
maining indication of their original extent. 

By late Cambrian time these mountains were sufficiently reduced to be over- 
lapped by the St. Croixan series in southern Wisconsin and there are relatively 
few breaks in the sequence of later sediments which covered the area. As these 
beds are practically horizontal, we may infer that the locality has not been ap- 
preciably disturbed. 

The basal complex under the Cincinnati arch has been penetrated in six holes 
in northwestern Ohio and two in Ontario. From a depth of 1,940 feet below sea- 
level in the Findlay field (No. 2, Fig. 2) it drops approximately 2,000 feet into 
southern Ontario from where it rises toward the northeast into the Canadian 
shield. Below this arch in southwestern Ohio the crystalline surface plunges at a 


1801 


rapid but undetermined rate toward the south. A hole located near the axis in 
Clark County (No. 1, Fig. 2), 85 miles south of the Findlay well, which was 
drilled to the total depth of 4,647 feet, or 3,522 feet below sea-level, did not reach 
crystalline rocks but penetrated 807 feet of sedimentary beds considered by Mrs. 
Wasson‘ as probably pre-Cambrian in age. 
Wherever samples have been available from the vicinity of the arch, the base- 
ment rocks were found to have a gneissoid character. As far east as southern Dela- 
ware County, in central Ohio, pieces show a definite alignment of minerals, indi- 
cating that the material has been subjected to intense compression. The presence 


= ‘ = B. Wasson, “Sub-Trenton Formations in Ohio,” Jour. Geol., Vol. 40 (November-Decem- 
T, 1932). 
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of garnet in samples of crystalline rock from the Findlay well’ (No. 2, Fig. 2) and 
in an arkose reported in the Clark County well® (No. 1, Fig. 2), although not con- 
clusive proof, is strongly suggestive of metamorphic rock in the former and a near- 
by metamorphosed source for the latter. 

The relation of the sediments to the basal complex along the trend of the 
Cincinnati arch from Ohio River to the Canadian shield is shown in Figure 2. It 
may be noted that in the vicinity of Lake St. Clair in southern Ontario, at the 
lowest point along this axis, the Trenton limestone is the first sediment above the 
arkose mantle of the crystallines. From the southward thickening of the interven- 
ing sediments and their relation to both the basal complex and the base of the 
Trenton, it becomes apparent that the beds in the northern part of this area were 
not deposited in their present attitudes. 

When an interpolation of this section is made with the top of the Trenton hori- 
zontal, as in Figure 3, the succession of sediments may be seen very nearly ap- 


1 2 3 4 5 


proaching their original positions with the Trenton and sub-Trenton beds 
successively overlapping a southward-plunging crystalline surface along the crest 
of the Cincinnati arch in the same manner that early sediments overlapped meta- 
morphics along the trend of the Wisconsin arch. This interpolation also indicates 
that both the crystalline and sedimentary beds have dropped approximately 2,000 
feet in southern Ontario since Trenton time. 

The presence of the Trenton limestone as the first real sedimentary bed above 
the basal complex in southern Ontario is significant evidence that this area re- 
mained above sea-level until well along in Ordovician time, whereas the remains 
of the Wisconsin mountains began to submerge during late Cambrian. From this 
we may safely infer that, until Trenton time, southern Ontario had consistently 


5 D. D. Condit, “Deep Wells at Findlay, Ohio,” Amer. Jour. Sci., Ser. 4, Vol. 36 (1913), Pp. 127. 


6 Samples from 3,330 to 3,823 feet were re-examined for heavy minerals at the request of the 
writer by Miss Lou Williams of the Pure Oil Company in June, 1938. A mineral “suggestive of gar- 
net’’ was reported between 3,330 and 3,335 feet and a “questionable fragment” of pink garnet be- 
tween 3,818 and 3,823 feet. 
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remained at a greater elevation than Wisconsin. This inference, substantiated by 
our knowledge of the gneissoid character of the basal rock under the northern 
extension of the Cincinnati arch, leads to the conclusion that a very early moun- 
tain chain also extended from Canada through western Ohio and on south, the 
reflection of which remains in the sedimentary rocks as the Cincinnati arch. The 
fact that this axis is connected with the Wisconsin-La Salle axis through the 
Wabash spur and the Kankakee arch in the form of the letter N suggests that 
these early mountains were all one system. The relatively short interim between 
their base leveling in Wisconsin and Ontario precludes the possibility of any great 
difference in age, particularly in view of the probable difference of elevation in 
parts of such a system. 

Pirtle? has suggested that the La Salle and Kankakee arches are southern 
extensions of the pre-Cambrian deformation in Wisconsin and considers the ma- 
jor unconformities separating the principal divisions of the sedimentary rocks to 
indicate intermittent movement along the old axis during all Paleozoic time. 
However, Newcombe? has noted seven pronounced sedimentary breaks within 
the Michigan basin and suggests that other minor interruptions occurred. 

All contacts which are known to be definitely unconformable in the Michigan 
basin are also unconformable along the La Salle-Wisconsin axis and that of the 
Cincinnati arch. We may, therefore, consider the periods of emergence repre- 
sented to have been regional in extent. 

Certain authors have maintained that these major positive features are com- 
pressional folds which were formed during comparatively recent geologic time 
but few have cited stratigraphic evidence to support their contentions. 

Both Newcombe and Pirtle have quoted Stockdale,® the former that the Mis- 
sissippian ‘‘rocks’” thicken toward the arch in Indiana and the latter that the 
Missississippian “‘beds” thicken in that direction, from which it is inferred that a 
Mississippian depositional basin was subsequently elevated. Although the Mis- 
sissippian system as a whole thins away from the arch, the decrease in thickness 
is caused by the successive disappearance of the top members at a post-Mississip- 
pian erosion surface which dipped toward the basin more sharply than the incli- 
nation of the beds. This system was beveled in the same manner east of the 
Cincinnati arch. 

Extensive studies by Clark!® prove that certain beds of Mississippian age 
differ sufficiently in both lithology and fauna in exposures northeast and south- 
west of the Kankakee-Wabash axis to indicate the presence of an intervening 
barrier at the time of their deposition. 

7 George W. Pirtle, “Michigan Structural Basin and Its Relation to Surrounding Areas,” Bull. 
Amer. Assoc. Petrol. Geol., Vol. 16, No. 2 (February, 1932). 


8 R. B. Newcombe, “Structure and Accumulation in the Michigan Basin and Its Relation to the 
Cincinnati Arch,”’ Problems of Petroleum Geology, Amer. Assoc. Petrol. Geol. (1934). 


® Paris B. Stockdale, department of geology, University of Tennessee, Knoxville, Tennessee. 
Personal communications quoted. 
10 Charles K. Clark, Pure Oil Company, Saginaw, Michigan. Personal communication. 
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DOWNWARP OF POSITIVE FEATURES 


In the opinion of the writer sufficient evidence is available to warrant the as- 
sumption that the dominant positive structural features in the area under discus- 
sion are underlain by the cores of pre-Cambrian mountains for which reason they 
have remained more or less positive and that the principal movement during the 
entire Paleozoic era was the continued subsidence of the basins into which the 
original mass of the mountains had been deposited as sediments. 

This premise leads to speculation on what effect such widespread and con- 
tinued subsidence would have had on the intervening areas. 

A realization of the true proportions of these basins is essential for an under- 
standing of the stresses created by their subsidence. Neither the Michigan nor 
Illinois basins should be considered as particularly abysmal features. During 
Paleozoic time a much more profound syncline than either lay between the Cin- 
cinnati arch and the vicinity of the present Atlantic coast in which at least 5 to 6 
miles of sediments had accumulated by the close of the Paleozoic era. 

The relation of the overlapping sediments to the basal complex previously 
discussed and shown in Figures 2 and 3 is conclusive evidence that the crest of 
the Cincinnati arch has dropped approximately 2,000 feet in southern Ontario 
since the Trenton was deposited. In determining the cause of this movement, the 
primary factor to be considered is the great weight of sediments which had ac- 
cumulated by Ordovician time in the Appalachian basin. The downward pull of 
this weight, combined with that from the smaller Michigan basin and exerted 
where the two were separated only by the old positive arch, eventually would 
have become sufficient to start this downwarp directly across the old axis. Such 
movement would have been continued by the increasing accumulation of sedi- 
_ments in both basins. 

In the same manner a similar downwarp, known as the Logansport sag, was 
formed where the Michigan and Illinois basins are nearest together. 

The Kankakee-Wabash axis may be generalized as a continuous feature con- 
necting the Wisconsin and Cincinnati arches. However, when mapped in detail, 
the Kankakee axis turns toward the Michigan basin and that of the Wabash spur 
inclines an equal distance toward the Illinois basin. Mapped on the Trenton the 
low between the two axes is 500 feet below the junction of the Cincinnati arch 
and Wabash spur and 2,000 feet below the junction of the Kankakee and Wis- 
consin arches. 

A well drilled in this depression near Kokomo, Indiana (A, Fig. 1), is reported 
by Logan" to have reached the Bayfield sandstone of Keweenawan age at a 
depth of 3,945 feet. This record could not be used by Mrs. Wasson” in correlating 
the sub-Trenton beds west from Ohio but if it is correct only as to major sub- 


1 W. N. Logan, “The Geology of the Deep Wells in Indiana,” Indiana Dept. Conservation Pub. 
55 (1926), p. 256. 
B. Wasson, “‘Sub-Trenton Formations in Ohio,”’ Jour. Geol., Vol. 40 (November-Decem- 
T, 1932). 
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divisions, the earliest beds which overlap the basal complex under the Wisconsin 
arch are at least 1,400 feet lower in the Logansport sag. Therefore any individual 
bed in the lowest part of this downwarp is something over 1,000 feet below a 
plane connecting its elevation at each end of the Kankakee-Wabash trend. This 
figure represents, as nearly as can be determined from available data, the probable 
minimum extent of the downward movement between the Michigan and Illinois 
basins. 
CRYPTOVOLCANISM AND FAULTING 

The division of the original Kankakee-Wabash axis with the bilateral shift 
toward each basin is an indication of the extent of tensional stress which ac- 
companied the downwarp of this arch under the weight of accumulated sediments 
on either side. The entire Kankakee-Wabash trend was subjected to stresses 
which were the reverse of compressional and, as a result, a very interesting type 
of deformation took place. Within the intervening space between the present 
axes of the two arches, in a more or less east-west trend through the Logansport 
sag, there are at least seven areas of very intense local deformation. In one such 
structure near Kentland (B, Fig. 1), described by Bucher" as cryptovolcanic, 
there is approximately 1,500 feet of vertical displacement within 3 miles. 

A downward, lateral pull sufficient to cause at least 1,000 feet of subsidence 
along the crest of an old positive area would also cause a sustained horizontal 
tension in the beds effected. Consequently, a critical isostatic condition would 
eventually result. Wherever this tension became sufficient to compensate for the 
difference between the weight of solid rock and the pressure of magma from below, 
there would be a possibility of cryptovolcanic action characterized by such verti- 
cal displacement. This explanation is offered by the writer for these occurrences 
of intense local deformation across north-central Indiana. 

The presence of 20 feet of diabase at a depth of 3,965 feet within the Bayfield 
sandstone, reported by Logan in the Kokomo well (A, Fig. 1), if correct, suggests 
the possibility of intrusive action resulting from such local disturbance. 

The conception that the dominant positive features have separated subsiding 
basins of accumulation within this province since the inception of the basins must 
be modified by the foregoing evidence that the positive areas also sank between 
the basins. Such an understanding makes possible an investigation of the direc- 
tions and extent of lines of weakness which would develop in the basal complex 
under the stresses incident to such movement and to speculation as to the types 
of structures which would be formed in the sedimentary rocks above them. 

The eastern edge of the Illinois basin in southwestern Indiana is marked by 
the Mt. Carmel fault with a basinward downthrow of approximately 200 feet. 
This is exposed in Mississippian beds. If the subsidence of this relatively shallow 
basin caused faulting in Mississippian time or later, it seems quite probable that 
along the eastern side of the Cincinnati arch, where the drag of a much deeper 


18 Walter A. Bucher, “Cryptovolcanic Structures in the United — International Geologic 
Congress, Washington, 1933, Rept. 16, p. 1072. 
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basin was exerted on a positive feature, faulting should have occurred at a much 
earlier time. The Maysville fault which affected Ordovician beds in northwestern 
Kentucky lies in a proper relation to the axis of the Cincinnati arch to bear out 
this supposition. This fault has not been traced, as yet, into the overlying Silurian 
beds in southwestern Ohio, a fact which has led to speculation on the possible 
presence of buried deep-seated faults parallel with the Cincinnati arch in cen- 
tral and possibly eastern Ohio. 

In this connection, it is interesting to note that in Adams County, Ohio, di- 
rectly in line with the trend of the Maysville fault, a typical cryptovolcanic struc- 
ture has been mapped by Bucher" (C, Fig. 1). Within a circular area, 4 miles in 
diameter, beds have been lifted vertically an average of 350 feet and a maximum 
of 950 feet. The youngest beds involved in this deformation are basal Mississip- 
pian. 

Many explanations have been offered for this phenomenal upheaval in a part 
of the country which otherwise has been little disturbed. However, to the author’s 
knowledge, no one has pointed out that the load of sediments, which accumulated 
in the great basin on the east by Mississippian time, would have caused a hori- 
zontal tension along the east side of the Cincinnati arch at least equal to that 
exerted in north-central Indiana where a similar type of local deformation has 
been noted. 

. In eastern Ohio certain areas where surface beds are deformed, together with 
some well defined subsurface features and accumulations of petroleum and natural 
gas in a number of sands, occur in northeast-southwest alignments. Extensive 
northeast-southwest faults, with the downthrow on the southeast, have been 
identified by seismic work in southeastern Ohio. These circumstances require 
explanation because the axes of most well defined structural features in that part 


of the state have northwest-southeast trends. 


The northeast-southwest alignment of productive areas and indications of 
deformation, with the geophysical evidence of faulting, suggests the probable 
presence of very deep-seated step faults through central and eastern Ohio parallel 
with the Cincinnati arch. Such faults could have been entirely covered by the 
normal succession of series up to and including basal Permian. Buried faulting, 
caused by the drag of the Appalachian basin, is an interesting possibility which 
remains to be investigated by much deeper drilling than has been attempted 
heretofore. However, for reasons discussed later, it appears that if such faults or 
lines of weakness exist in eastern Ohio they are of minor importance. 


FORMATION OF LINES OF WEAKNESS EAST AND SOUTH OF ONTARIO SAG 


Any material which is capable of both folding and fracturing will develop 
cracks through a downwarp due to the tension development. As the subsidence 


M4 Walter A. Bucher, of. cit., p. 1061. 


6 L. E. Randall, Geophysical Company, Inc., Parkersburg, West Virginia. Personal communica- 
tion. Details held confidential. 
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in Ontario continued after the deposition of the Trenton limestone, a syncline was 
formed which extended from the center of the downwarp far toward the southeast 
and lines of weakness or cracks developed in the basement rocks which continued 
an undeterminable distance into the old Paleozoic basin. The known structural 
features which have been formed over these lines of weakness in eastern Ohio are 
shown in Figure 1. Minor structural trends in the northeast corner of the state 
which recently have been identified by geophysical methods are aligned from 
N. 45° W. to almost east-west, a fact which suggests that these lines of weakness 
radiate from the center of the sag. 

The possibility of movement along such zones after early Ordovician time no 
doubt relieved the tension along the east side of the Cincinnati arch. This may 
account for the fact that the Maysville fault, which disturbed @rdovician rocks 
in Kentucky, has not been traced northeast into Ohio. Likewise, this lack of a 
sustained tension in the zone where such lines of weakness approach the axis of 
the arch accounts for the absence of further cryptovolcanic disturbance north of 
Adams County. 

Another result of the subsidence in southern Ontario was a definite pattern of 
northwest-southeast faulting which crossed the axis of the Cincinnati arch in 
northwestern Ohio, along the south hinge line of the downwarp. Accumulations of 
petroleum and natural gas in the Trenton limestone crossed the crest of the arch 
only in zones of leaching and secondary mineralization associated with these 
faults and the drag zone on the north. Trenton production from the entire Lima- 
Indiana field has been from zones of secondary porosity, in many places of honey- 
comb texture, where tensional fracturing permitted percolation. As yet, no actual 
displacement has been plotted across the Wabash spur on the hinge line of the 
Logansport sag. However, it is crossed by a definite alignment of low anticlinal 
structures, perpendicular to the axis, through producing areas in Randolph and 
Jay counties, Indiana. Producing fields only cross this arch on the downwarped 
side where the Trenton limestone has been subjected to tensional stress. The 
highest parts of both anticlines, near their junction, as yet are barren. 

Step faulting probably resulted from differential subsidence along zones of 
weakness in the basal rocks east of the Cincinnati arch and depositional struc- 
tures of some magnitude may have been formed in the accumulating sediments. 
However, for a proper understanding of the types of folds which now mark these 
ancient cracks in the crystalline floor, the effect of later deformation in the east 
should be studied. 

APPALACHIAN OROGENESIS 

Evidence has been presented to show that the major crustal movement during 
Paleozoic time in the area under discussion was the uninterrupted subsidence of 
the basins of accumulation, and, as such movement became more pronounced, 
even the intervening pre-Cambrian positive elements were affected. The eventual 
result of such widespread and continued sinking of the earth’s crust would be 
relief in the way of a compensating upward movement. 
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If sand is fed onto wet paper stretched over paste in approximately the pro- 
portions of the sediments in the three basins, the paper will eventually break be- 
neath the greatest load and paste will rise through the sand. A similar relief 
marked the end of Paleozoic time. Probably the greatest mountain building pe- 
riod in the history of the eastern half of the continent followed an entire era of 
subsidence. 

Structure of the remaining cores of the vast range which rose from the depths 
of the great Appalachian basin indicates that, unless their elevation was ac- 
companied by very severe erosion, they attained heights equal to the present 
Himalayas. 

Needless to say, the lateral effects of such deformation was widespread. How- 
ever, toward the northwest, the effect of direct thrust was not as far-reaching as 
many geologists have supposed. About one-third of the distance between the 
mountains and the crest of the Cincinnati arch, the sedimentary formations were 
sufficiently thin to permit a buttressing effect in the basal complex. The primary 
result of the lateral pressure, therefore, was buckling which formed a secondary 
syncline with a northeast-southwest trend, parallel with the mountains, through 
western Pennsylvania and western West Virginia. This feature is known as the 
Pittsburgh-Huntington basin. East of the axis of this trough, structure was com- 
plicated by types of failure governed by the relative competence of the beds but, 
in general, broad, open folds parallel the mountains.'* However, west of this axis, 
structural trends have not been found paralleling those on the east. 

Willis!’ has demonstrated that an actively forming fold absorbs the lateral 
pressure which causes it. The effective stress was expended in the formation of 
this syncline. Consequently, the area west of the Pittsburgh-Huntington axis was 

shielded from deformation by direct lateral pressure. 

However, certain of the basal lines of weakness which had previously de- 
veloped through the Ontario sag extended a sufficient distance into the old basin 
of accumulation to entirely cross the Pittsburgh-Huntington basin into the zone 
of orogenic stress. Structure above such lines was considerably accented by de- 
formational forces which followed these pre-existent cracks but which were in no 
way compressional. As a result of such action, the Burning Springs arch, the 
sharpest fold in the structural province under discussion, crosses the Pittsburgh- 
Huntington basin in a direction slightly west of north. Deformation along this 
same trend may be traced into southern West Virginia as the Mann Mountain 
anticline. 

In eastern Ohio a number of more or less parallel, northwest-southeast anti- 
clinal trends which branch from the Burning Springs have been mapped in the 
surface beds as far as the southern boundary of the glacial drift and continued 
northwest by subsurface mapping in the direction of the Ontario sag. Because of 


16 Paul H. Price, “The Appalachian Structural Front,’”’ Jour. Geol., Vol. 39, No. 1 (January- 
February, 1931). 
17 Bailey Willis and Robin Willis, Geologic Structures, 2d ed. (1929). 
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the manner in which they were formed, and their tangential directions, these folds 
decrease in magnitude in their northern extension. Where possible to determine 
the planes of their axes, they have been found to be vertical. 

The northwest-southeast syncline through eastern Ohio, which resulted from 
the Ontario downwarp, has been previously mentioned. If this feature extended 
a greater distance southeast in Paleozoic time, its southern extension was com- 
pletely obliterated by the formation of the Pittsburgh-Huntington basin. The 
junction of the axes of the two troughs now forms an angle of approximately 60°. 
This very prominent feature was first mapped by Panyity'® in 1920 as the ‘‘Mari- 
etta-Coshocton’”’ syncline. It was later recognized by Stout!® as extending entirely 
across Ohio from Parkersburg, West Virginia, to Lorain on Lake Erie, and has 
since been called the ‘‘Parkersburg-Lorain” syncline. Inasmuch as it connects the 
Pittsburgh-Huntington basin with the Michigan basin across the Cincinnati arch, 
it could very properly be termed the Appalachian-Michigan syncline. 


WESTWARD EXPRESSION OF OROGENIC FORCE 


In Figure 2 it may be noted that crystalline rocks beneath the Cincinnati arch 
in northwestern Ohio form an arch or ridge which plunges toward the south at a 
rate which would permit a possible thickness of sedimentary rocks in north- 
central Kentucky somewhat in excess of 10,000 feet. This is a greater thickness of 
sedimentary beds than remains along the east flank where the buttressing effect 
of this old positive area counteracted the westward orogenic forces. As we have 
no evidence that the rate of erosion since Permian time has differed greatly in 
southeastern Ohio and central Kentucky, it is probable that at the time of the 
Appalachian folding the thickness of sediments in these areas were in approxi- 
mately the same ratio as those which remain at present. 

It may be noted in Figure 1 that the axis of the Pittsburgh-Huntington basin 
parallels the mountains through western Pennsylvania and northern West Vir- 
ginia but turns much more toward the west in western West Virginia. In this 
westward extension the trough disappears against the Cincinnati arch in eastern 
Kentucky. A consistent uplift paralleling the axis of this syncline to the east and 
south can be traced as the Chestnut Ridge-Warfield axis in western Pennsylvania 
and central West Virginia and as the Compton anticline in eastern Kentucky. 
However, this uplift crosses the Cincinnati arch in the Jessamine dome and con- 
tinues west forming the southern boundary of the present Illinois basin as the 
Rough Creek and Bald Hill uplifts.*° 

The westward result of the intense orogenic forces involved in the Appa- 
lachian deformation was the formation of the Pittsburgh-Huntington basin where 
these forces were applied in direct compression against the buried crystalline 


18. S. Panyity, mapped as private work. Personal communication. 
19 Wilber Stout, former State geologist of Ohio, unpublished report. 


20 James H. Gardner, “‘A Stratigraphic Disturbance through the Ohio Valley, Running from the 
Appalachian Plateau in Pennsylvania, to the Ozark Mountains in Missouri,” Bull. Geol. Soc. America, 
Vol. 26 (1915), pp. 477-83. 
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ridge in northwestern Ohio. As had been noted previously, this crystalline ridge 
plunged rapidly southward into northern Kentucky where it was covered by 
many thousand feet of sedimentary beds. The Appalachian orogenesis subjected 
this great thickness of sediments to direct deformational stress from the east 
which progressed unimpeded until the old Ozark positive crystalline mass was 
encountered. The result was the series of connected uplifts approximately 600 
miles long. Types of failure along the trend of this deformation varied somewhat 
with the character of the rocks affected. The uplift was accompanied by intense 
faulting, particularly in the less competent younger rocks east and west of the 


Cincinnati arch. 
MICHIGAN BASIN 


The development of structures within the Michigan basin has been more 
simple than those described heretofore, and, as a consequence, their trends are 
less complex. 

During the Paleozoic era, three sides of the periphery of this basin remained 
more or less stationary while the southeast end continued to subside in the On- 
tario sag Under these conditions a system of fractures or lines of weakness devel- 
oped in the basal complex through the unsupported end parallel with the north- 
east and southwest sides which remained positive. The increasing load of sedi- 
ments caused differential subsidence along these lines of weakness with greater 
accumulation on the basinward side. This probably amounted to step faulting 
toward the central axis in the basal complex and the deeper sediments. 

Kirkham” postulated a system of northwest-southeast faults in the basement 
similar to those exposed in crystalline rocks on the north and supposed that a 
movement of magma from under that region permitted it to subside. He then 

_showed by a series of figures how asymmetric depositional folds with practically 
vertical axes would develop as sediments accumulated over such areas of dif- 
ferential subsidence. More logical reasons may be advanced for the occurrence 
of a basin of accumulation between two ancient elevations and for the pattern of 
basal failure. However, his explanation of the formation of such depositional 
structures is basically sound and could account for folds of considerable magni- 
tude. 

A number of writers have visualized rather cataclysmic occurrences in order 
to account for these structural trends. Great torsional twists, compression of the 
basin from northeast to southwest by orogenic force, and buttressing against the 
Cincinnati arch have been described. 

In considering such statements it is helpful to visualize the actual proportions 
of the basin. Mapped on the top of the Trenton limestone, the east-west distance 
across its center between sea-level contours is 400 miles. The depth of the Trenton 
in the center of the basin is probably about 9,000 feet. The ratio of depth to width 


% Virgil R. D. Kirkham, “Possibility of Future Oil Production in Michigan.” Read before the 
Association at Wichita, March 21, 1935. Revised form with map, Oil and Gas Jour. (May 13, 1937), 
p. 45. Figures as yet unpublished. 
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is, therefore, roughly 1:260. As an example of these proportions, it may be said 
that a baseball diamond with the pitcher’s mound 8 inches above the bases, is as 
typically anticlinal as the Michigan basin is synclinal. 

In view of the results of the experiments described by Willis, previously 
mentioned, it seems highly improbable that deformational stress could have been 
transmitted through this basin even if it had been appreciably compressed. 
Orogenic force implies mountain-building activity. If such forces deformed 
Pennsylvania beds, they would have been generated by the formation of moun- 
tains at least as young as the Appalachians. Some topographic evidence should 
indicate the existence of post-Pennsylvanian mountains. Anticlinal folds with a 
relief of approximately 1,000 feet, such as the Howell anticline, when considered 
in their true relation to the extent of the basin, seem hardly of sufficient propor- 
tion to warrant the assumption of crumpling orogenic force to account for their 
formation. 

It may be demonstrated that tensional cracks, developed in any friable mate- 
rial permitted to sink in the proportions this basin has sunk, are primary and 
simple. The extraordinarily parallel pattern of the Michigan structural trends 
conform to primary fractures thus produced. The basic lines of weakness under 
the basin may, therefore, be considered as the results of simple subsidence. 

Tests recently drilled on well defined anticlines in the deeper part of the basin 
have encountered salt in the Salina group varying in thickness from 1,500 to 
almost 2,000 feet.” Flow in such a mass would take place toward zones of less 
resistance which, in Michigan, would be toward the zones of differential subsi- 
dence above the basal faults. As a result structural relief above the Salina would 
have been greatly increased. This condition is indicated by such information as is 
available at present.** The importance of movement within great masses of salt 
as a contributing factor in the development of structure in Michigan, and else- 
where in the area under discussion, has not been generally recognized. 

The series of Devonian and Silurian limestones and dolomites, known in Ohio 
as the “Big lime,” thickens from 600 feet in the central part of the state to 2,000 
feet in Columbiana County at the eastern edge. The greatest individual increase 
in this interval is that of the Salina group. The Oriskany sandstone produces both 
petroleum and natural gas from typical stratigraphic traps along the western 
edge of the sand body in the east-central part of the state. The only place in Ohio 
east of these fields where structural relief is sufficient to bring the Oriskany out of 
the water as a producing sand is in Columbiana County above the greatest thick- 
ness yet plotted for the “Big lime” and consequently for the Salina. 

The Oriskany also produces gas in several fields in southern New York and 
northern Pennsylvania. This accumulation is controlled by structures with relief 


#2 Jed B. Maebius, Gulf Refining Company, Saginaw, Michigan, “The Results of Drilling of a 
Deep Test Near Bay City, Michigan.” Read before the Association at Denver, April 24, 1942. 


*8 George D. Lindberg, Sun Oil Company, Toledo, Ohio. Unpublished cross sections through south- 
eastern Michigan and northwestern Ohio. 
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ranging from several hundred to several thousand feet, certain of which are 
greatly complicated by faulting. These anticlines occur over the greatest thick- 
ness of Salina in that area and below them the Medina has been found to dip 
normally toward the south.* 

In view of this information it seems highly probable that the extraordinary 
relief which increases along structural trends toward the center of the Michigan 
basin is the result of movement within underlying bodies of salt. 

Folds with relief comparable with those in Michigan are not found in the same 
proximity to the Ontario sag along lines of weakness extending southeast into 
Ohio. This sag occupied the entire southeast end of the Michigan basin, hence the 
principal directions of deposition were across the forming folds. Heavier ac- 
cumulation on the downward side would have accelerated differential subsidence 
and, eventually, developed considerable structural relief. However, the sag was a 
very minor feature in the periphery of the great eastern Paleozoic basin, and 
lines of weakness developed by its formation radiated from the center. Direc- 
tions of deposition more nearly paralleled their trends, hence differential sub- 
sidence caused by unequal loads of sediments was not an important factor in 
that afea. Moreover, the Salina group is relatively thin in north-central Ohio, a 
fact which would preclude the possibility of structural relief being accented by 
movement of salt. 

It would seem that if such definite basal cracks were developed through the 
Ontario cownwarp similar fractures should have been formed through the Logans- 
port sag. As yet we have little evidence of such zones of weakness northeast of 
the Kankakee-Wabash axis. In the paper previously mentioned, Kirkham de- 
scribed northeast-southwest faults through the center of the Michigan basin on 
either side of Saginaw Bay with an intervening garben. These are shown in Figure 

-1 by dotted lines. It is quite possible that some types of structural expression 
cross the basin in that direction as a reflection of the downwarp toward the south- 
west. As such zones would have extended in the direction of deposition, for 
the reasons previously stated, structural development over them would have 
been of minor consequence. However, their intersections with the northwest- 
southeast axes may have an important bearing on the repetition of local highs 
along the principal structural trends. Greater flexibility in such areas would have 
permitted a more ready flow of salt. 


ILLINOIS BASIN 


The Illinois basin presents a greater complexity of structural trends than any 
of the areas yet discussed. This is primarily because of the shape of the basin and 
the types of deformation which influenced development of local structures. 

Mapped on the Devonian shale, the ratio of depth to width is approximately 


24 Charles E. Fralich and James F. Pepper, Belmont Quadrangle Drilling Corporation, Bradford, 
Pennsylvania. Unpublished manuscript. 
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1:250. For the purpose of this discussion it may be considered, therefore, as 
similar in proportion to the Michigan basin. 

This area of subsidence was formed around the southern extension of the old 
Wisconsin arch, shown on Figure 1 as the La Salle-Oakland anticlinal trend. The 
location of the Mt. Carmel fault along the eastern edge of the basin has been 
mentioned. About an equal distance west of the central anticlinal axis the north- 
south trend of the Duquoin flexure may be considered as a hinge line east of which 
the rate of basinward dip is greatly increased. 

During Paleozoic time, this basin extended a considerable distance farther 
south. The relative proportion of this southern extension, as determined by out- 
crops, is shown as its outline in Figure 1. 

In a basin with sucha shape, lines of weakness parallel with a more or less posi- 
tive side or the axis of the positive central area could have developed in almost 
any direction. The possible formation of depositional structures with considerable 
relief where such lines crossed the direction of deposition was brought out in the 
discussion of the Michigan basin. 

The east-west trend of deformation which crossed the southern end of the basin 
at the time of the Appalachian folding has also been mentioned. Orogenic stress 
of great intensity was exerted through the great thickness of relatively incom- 
petent Mississippian and Pennsylvanian formations deposited in the southern 
part of the old basin. As a consequence, the resultant uplift was characterized by 
complex and pronounced faulting. As this force was dissipated against the old 
Ozark uplift, tangential stresses were created which further complicated the 
structure of the area. Certain northeast-southwest structural trends have been 
mapped which may be the results of such deflected stress or pre-existent zones of 
weakness may have been accented in that manner. 

Mylius* found that closures along the La Salle axis were related to a series of 
northeast-southwest crossfolds. More recently Cohee and Carter*® have con- 
nected corresponding irregularities in producing fields which they plotted in a 
series of six parallel northeast-southwest trends (dashed lines, Fig. 1). 

Probability that certain basal lines of weakness developed through the Logans- 
port sag has been previously mentioned. It should be pointed out that the trends 
first recognized by Mylius and, later, plotted by Cohee and Carter extend in the 
direction of this sag. Such zones, along which the crystalline floor is more flexible, 
should be present in both the Illinois and Michigan basins. As yet their signifi- 
cance has not been generally recognized. They may be marked by only minor 
structural relief but where they intersect more pronounced features, structural 
development of great importance may have occurred. 


L.A. Mylius, “Oil and Gas Development and Possibilities i in East Central Illinois,’’ I/linois 
Geol. Survey Bull. 54 (1927), pp. 167-68. 

28 George V. Cohee and Charles Carter, “Structural Trends i in the Illinois Basin,” Trans. Illinois 
State Acad. Sci., Vol. 32, No. 2 (1940), pp. 168-69. 
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SUPPORTING EXPERIMENTAL EVIDENCE 


The trends of lines of weakness in the crystalline floor under the entire area 
considered in this discussion have been duplicated in a rather crude manner in a 
simple experiment. Plaster was allowed to solidify in a pan. Depressions were 
then scraped out to duplicate as nearly as possible the depth, share and locations 
of the three basins during Paleozoic time. A flat sheet of black wax coated with 
white plaster was then laid over the plaster surface in the pan. This was then 
subjected to a sufficient weight of warm sand to cause the plaster-coated wax to 
sink into the depressions. Figure 4 is a photograph of the tensional cracks thus 
developed in the coat of plaster. The supported parts have been darkened. A glass 
tube had let air out of the depressions from the lower right corner. Unrelated 
cracks in that part have been painted out. Bearing in mind that this was an at- 
tempt to duplicated conditions before the Appalachian folding, it is possible to see 
a striking similarity between these cracks and the trends of lines of weakness in 
the crystalline floor which have been described in this discussion. 

A system of cracks diverge to the lower right from the sag in the Cincinnati 
arch and some were formed parallel with it. The parallel system is well developed 
in the upper depression and the Mt. Carmel fault is duplicated along the right 
side.of the one on the lower left which represents the IHinois basin. Other cracks 
in that depression paralleled the edges. Due probably to the crudity of the 
equipment and the very slight depression in the part representing the Logansport 
sag at this scale, the plaster remained suspended and no cracks developed through 
that part perpendicular to the axis. 


CONCLUSION 


We have no reason to assume that structural trends in this area are much more 
complex than the pattern developed by this simple experiment when the modifi- 
cation caused by the uplift of Appalachian mountains is kept in mind. 

With such an understanding of the history of this structural province, the 
direction of the known trends may be explained. These principles should be of 
considerable value in projecting trends through irregularities discovered by local 
subsurface or geophysical work in the greater part of the area which is too flat 
for satisfactory surface mapping or is covered by glacial drift. 
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STRATIGRAPHY AND STRUCTURE OF TRAVERSE GROUP IN 
AFTON-ONAWAY AREA, MICHIGAN! 
W. A. KELLY? anp G. WENDELL SMITH? 
East Lansing, Michigan, and San Antonio, Texas 
ABSTRACT 


The stratigraphy of the middle Devonian Traverse group of parts of Presque Isle and Cheboygan 
counties is described. The scattered outcrops are correlated in part with the better known section in 
northeastern Michigan, which includes southeastern Presque Isle and eastern Alpena County, and 
in part with northwestern Michigan which includes Emmett and Charlevoix counties. Reliance is 
placed principally on correlation of faunal zones for those relatively thick alternating limestone and 
shale subdivisions, such as the Genshaw and Gravel Point formations of the Traverse group. Sharp 
lithologic breaks between other subdivisions which, between their upper and lower boundaries, are 
characterized by uniformity in composition and texture, also are useful in correlation. The dis- 
crepancy in total thickness between the Traverse of the described area and the Traverse sections of 
the east and west is emphasized, and diastrophism suggested as the cause. Three new stratigraphic 
names, Koehler limestone, Gorbut (a member of the Gravel Point), and Beebe School formation, are 

. defined and described. The writers use their stratigraphic divisions in making a structural contour 
map of the area, which shows two anticlines, one north of Onaway, and a second, west of Afton. 


INTRODUCTION 


The Afton-Onaway area is in the north-central part of the Lower Peninsula 
of Michigan (Fig. 1.), and includes an area of about 50 square miles in Cheboygan 
and west-central Presque Isle counties. This paper describes the formations of 
the Traverse group of Middle Devonian age which crop out in this area, and the 
structural relationships determined from their distribution. 

Most of the field work was done in the summer of 1941 with financial as- 
sistance furnished by the Geological Survey Division of the Conservation Depart- 
ment of Michigan. Outcrops were located with respect to section corners. Those 
along the highways were located by speedometer readings, and all others by 
pace-and-compass traverses. Elevations were carried from all exposures by hand 
level and stadia rod traverses to bench marks established by the United States 
Coast and Geodetic Survey, or to secondary control points established by precise 
levelling by F. G. Dewell. 


STRATIGRAPHY 


The classification of the rocks of the Afton-Onaway area involves correlation 
with the better known sections bordering on both the Lake Huron and Lake 


1 Parts of this paper are condensed from a thesis entitled ‘Stratigraphy and Paleontology of the 
Genshaw and Ferron Point Formations in Cheboygan and Western Presque Isle Counties, Michigan,” 
submitted by the junior writer to the Graduate School of Michigan State College in partial fulfilment 
of the requirements for the degree, Master of Science, in June, 1942. Manuscript received, August 13, 
1946. The writers are indebted to many former students, as well] as to members of the staff of the 
department of geology at Michigan State College, for important contributions. Relevant information 
on faunal studies was also obtained from G. A. Cooper, of the United States National Museum, and 
from G. M. Ehlers, of the department of geology of the University of Michigan. Able assistance in 
the field was given by W. J. Anderson and H. K. Martin. Thanks are due to Norio Mitsuoka for the 
drafting of maps and sections. 


? Department of geology and geography, Michigan State College. 
3 Geologist, Magnolia Petroleum Company. 
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Michigan areas. With the exception of the Bell shale, which is not exposed in the 
Afton-Onaway area, the lower half of the Traverse group is readily correlated 
with the outcrops north of Alpena on the Lake Huron side of the Lower Peninsula. 
The upper part of the Afton-Onaway section resembles part of the section be- 
tween Petoskey and Charlevoix on Little Traverse Bay. 

The correlation of published names applied by various authors to the strati- 
graphic units of the northern part of the Lower Peninsula is given in Figure 2. 

The highest beds of both the Lake Huron shore vicinity and Lake Michigan 
shore vicinity sections either are not represented, or are so imperfectly repre- 
sented that they can not be recognized with certainty. The estimated total thick- 
ness of the Traverse group south of Afton is considerably less than that for 
either the sections near Lake Huron or Lake Michigan. Because Afton is no 
farther from the center of the Michigan synclinorial basin than are Alpena and 
Petoskey, the estimated thickness is less than the expected thickness, and sug- 
gests different environmental conditions. 

The Traverse of the Afton-Onaway area includes the Bell shale, the Rockport 
Quarry limestone, the Ferron Point shale, and the Genshaw formation, the 
Koehler limestone (new name), the Gravel Point formation, and the Beebe 
School formation (new name). The Genshaw formation includes the Killians 
member and the Gravel Point formation includes the Gorbut member (new 
name). 

DISTRIBUTION AND CLASSIFICATION 


Bell shale—The Bell shale does not crop out within the area considered. It 
has been recognized, however, in samples from many water wells and from test 
wells which have been drilled for structural information. The writers have been 
able to study samples obtained from two wells in Cheboygan County: the 
Lenoran Petroleum Company’s well in Sec. 23, T. 35 N., R. 1 E., and the Frances 
Oil Company’s Campbell No. 1 in Sec. 7, T. 35 N., R. 1 W. In both these wells the 
Bell shale is easily recognized, with the basal part characterized by an abundance 
of crinoid columnals. 

Rockport Quarry limestone—The type locality for this formation is in the 
Rockport Quarry, northeast Presque Isle County (Warthin and Cooper, 1943, 
p. 580). In that locality two distinct facies, a lower dark, irregularly bedded, 
fossiliferous, argillaceous limestone section 28 feet thick, and an upper light gray, 
evenly bedded, stylolitic, dense, sparingly fossiliferous, relatively pure limestone 
12 feet thick, are represented. In the abandoned Onaway Limestone Company’s 
quarry on the south shore of Black Lake, the formation has a minimum thickness 
of 50 feet. The lower 5 feet of the section is represented by the black shaly facies 
and is exposed along the lake shore on the west edge of the quarry. The upper 45 
feet is represented by evenly bedded, stylolitic, dense, sub-lithographic limestone 
and is exposed on the east wall of the quarry. Excepting these quantitative differ- 
ences, the sections near Lake Huron and Onaway resemble each other. 

The black argillaceous facies does not crop out in the Afton-Onaway area, 
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although it is exposed about 8 miles northeast of Onaway at Ocqueoc Falls, and 
also 13 miles east of the falls in the bed and banks of the Little Ocqueoc River. It 
is apparently represented in the Onaway well (Smith, R. A., 1914, p 215). The 
dense facies is not represented at the Ocqueoc Falls and Little Ocqueoc localities, 
but the dense facies is the only facies exposed at Shanty Rapids on Black River, 
and on the lower part of Milligan Creek, southwest of Black Lake. The dense 
facies is also recognized in samples from the two wells in Cheboygan County, 
previously mentioned. 

Ferron Point formation.—The type locality for the Ferron Point formation is 
in northeastern Alpena County (Fig. 1), and has been described by Warthin and 
Cooper (1935, Pp. 526; 1943, pp. 581-82). Outcrops of this formation are uncom- 
mon in the Afton-Onaway area. The formation has been recognized in the aban- 
doned quarry on the south side of Black Lake, in a ditch near the N. } corner of 
Sec. 34 of the same township, in excavations in Secs. 25 and 26, about 2 miles 
south of Black Lake, and near the mouth of Milligan Creek. Its presence in the 
western part of the Afton-Onaway area, is known from drill records and well 
samples. 

The thickest section of the Ferron Point was measured along the south shore 
of Black Lake near the Cheboygan-Presque Isle county line. It is 9 feet thick, and 
provides a marked contrast in thickness to the 35 foot section of the type locality. 
At Black Lake the Ferron Point formation is apparently conformable with both 
the underlying Rockport Quarry limestone and the overlying Genshaw limestone. 
It consists of very soft, light gray, calcareous shale interbedded with thin lenses 
of dense limestone. It is very fossiliferous, and contains several diagnostic fossils. 
The fossils limited to the Ferron Point are Chonetes fragilis, C. aff. coronatus, 
Mucrospirifer sp. II, and Pentamerella cf. pavilionensis. 

Other characteristic fossils in the Ferron Point are Aulopora sp. aff. A. serpens, 
Pterinea cf. flabellum, and several species of Tentaculites. Studies by Henry Faul 
(unpublished report) show that the common species of Hexagonaria (Prismato- 
phyllum) found in this formation are distinct from species found in the higher 
formatior s. 

The Ferron Point is recognized in drill cuttings from the Frances Oil Company’s 
Campbell No. 1 in Cheboygan County. The determination was made on the 
basis of its lithologic character and its stratigraphic relationship to the underlying 
Rockport Quarry limestone. 

Genshaw formation—The type localities for the Genshaw formation as 
amended by Warthin and Cooper (1943, p. 583), are in the area between the city 
of Alpena, Michigan, and the northeastern part of Alpena County. An inter- 
terupted belt of outcrops of this formation extends northwesterly from Alpena 
County through Presque Isle to the central part of Cheboygan County. In the 

4 It is not within the scope of this paper to describe the fauna of the Traverse of the Afton-Ona- 
way area. A monographic study of Traverse Brachiopoda by G. A. Cooper of the United States Na- 
tional Museum, is being made. The numerals attached to the generic names imply only that the junior 


writer recognizes the occurrence of more than one species of a single genus, and that many of these 
have different stratigraphic ranges. 
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Afton-Onaway area the outcrops of the Genshaw are more common than those of 
other subdivisions of the Traverse, and for this reason the Genshaw receives more 
detailed discussion than do other formations of the Traverse. The greatest break 
in the outcrop belt is between the Michigan meridian and a north-south line 
drawn through the village of LeGrand (Fig. 1). A large ésker and associated 
glacial debris occupy this area and obscure the bed rock. The westernmost out- 
crops of the Genshaw formation is along the Pigeon River in the western part of 
the Afton-Onaway area. 

The Genshaw, as redefined, has a thickness of 116 feet in Alpena County. In 
the western part of the Afton-Onaway area, drill cuttings from the Campbell 
well No. 1, NE. 4, Sec. 7, T. 34 N., R. 1 W., show 150 feet of limestone referable 
to the Genshaw. Thus the Genshaw is thicker in the western area than it is in the 
east. The discrepancy is greater than the difference between 150 and 116, since 
the writers limit the Genshaw of Cheboygan County to the top of the youngest 
member recognized with certainty, namely, the Killians. Overlying formations 
include some beds which may be upper Genshaw in age. 

A correlation of the Genshaw formation outside of Michigan is now possible 
because of the work of Cooper and Warthin (1935, pp. 376-77; 1941, pp. 250, 
260; 1942; p. 885). These authors believe that the Genshaw and Ferron Point 
are to be correlated with the Skaneateles formation of the Hamilton group of 
New York. 

In the Afton-Onaway area the top of the Genshaw is represented by the Kil- 
lians black limestone member. At the type locality the Killians is overlain by 
higher members of the Genshaw, and by the Newton Creek limestone (Warthin 
and Cooper, 1935, Pp. 526; 1943, p. 584), but in the vicinity of Afton, the Koehler 
limestone is above the Killians, although separated from it by an interval which 
includes a buff limestone referable, possibly, to the Newton Creek. 

In establishing the equivalence of rather widely separated outcrops of the 
Genshaw formation in the Afton-Onaway area, it was necessary to make a de- 
tailed study of the contained fauna. Repetition of lithologic types in the Genshaw 
below the Killians member made correlation by lithology hazardous. The lower 
part of the Genshaw is composed of alternations of dark gray shaly limestone 
and calcareous shale, with some black coloring, and there are no beds litholog- 
ically constant and unique. The Killians member of the Genshaw, in contrast, is 
characteristically a black shaly limestone and readily recognized. Furthermore, 
the Killians fossils usually exhibit a distinctive mode of preservation in which 
their surfaces have been penetrated by a black bituminous material, which is in 
strong contrast to the nearly white calcium carbonate preserving the interior of 
the skeletons. 

A study of several hundred fossil specimens, chiefly brachiopods, by the junior 
writer, resulted in the identification of 10 genera and 25 species of brachiopods, 
and several species each of stromatoporeids, corals, cephalopods, and trilobites. 

There are six faunal zones recognized in the Genshaw formation in this area. 
The first zone is in limestone in the lower 10 feet of the Genshaw, and contains 
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species of Chonetes related to C. fragilis, in association. with Pentamerella? sp. aff. 
P. dubia, both of which also occur in the Ferron Point shales. 

The next higher faunal zone in the Genshaw is the lower Pentamerella zone, 
characterized by Pentamerella sp. IV. This species occurs only in the lower 20 
feet of the formation. 

Ranging from 25 to 70 feet above the base of the Genshaw is the Clathrodic- 
tyon-Pentamerella zone, containing abundant specimens of the brachiopod 
Pentamerella? sp. I, and the stromatoporoid Clathrodictyon cf. retiforme. Large 
coralla of a new species of Hexagonaria (Faul, 1942) also occur abundantly in 
this zone. 

The Cyrtina zone overlies the Clathrodictyon-Pentamerella zone, and at its 
highest occurrence the upper limit is about 100 feet above the base of the Gen- 
shaw. This zone is about 6 feet thick, and contains great numbers of Cyrtina 
represented by at least three species. 

The transitional zone from the gray sub-Killians Genshaw into the black 
Killians member is characterized by an abundance of Mucrospirifer sp. I and 
Chonetes sp. aff. C. fragilis. Fish plates of an undetermined genus and pygidia of 
the trilobite Proetus are also abundant in the transitional zone. 

Mucrospirifer sp. I ranges upward into the Killians member, but there it is 
associated with a large species of a breviconic cephalopod, provisionally referred 
to Gomphoceras. The lower part of the Killians contains Chonetes sp. aff. C. 
fragilis. This represents a recurrence, since the species is also found in the lower 
10 feet of the Genshaw. The black limestone and shaly limestone of the Killians 
are commonly separated by a concealed interval from the light gray to buff, 
sparsely fossiliferous, sub-lithographic limestones of the overlying Koehler forma- 
tion. 

- Newton Creek limestone.-—There are relatively few exposures of beds strati- 
graphically higher than the Killians member of the Afton-Onaway area. — of 
these may belong to the Newton Creek formation. 

The type locality for this formation is the quarry of the Michigan Alkali 
Company at Alpena (Cooper and Warthin, 1941, p. 260). In that locality it in- 
cludes 25 feet of dark brown, crystalline limestone, which is separated from the 
underlying Killians member by gray or light brown limestone of the upper 
Genshaw (Warthin and Cooper, 1943, p. 584). 

Warthin and Cooper recognize the Newton Creek in the Afton area (Warthin 
and Cooper, 1943, p. 584), but it is certainly a small part of the Afton section. 
The authors tentatively refer beds of buff to light brown dolomitic limestone 
which outcrop in Sec. 29, T. 35 N., R. 1 W., to this formation. In the Frances 
Oil Company’s Campbell No. 1 there are no brown beds between the black 
Killians and the gray Koehler limestone. The stratigraphic interval, however, 
between the top of the Killians and the top of the Koehler in this well is 50 feet 
as compared with the 75 foot interval between the top of the Killians and the 
top of the Newton Creek in the Alpena area (Warthin and Cooper, 1943, pp. 
583-84). The total thickness of the interval between the Ferron Point and the 
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top of the Koehler formation is 200 feet, which is essentially equivalent to the 
interval between the Ferron Point and top of the Newton Creek in the Alpena 
area. It is possible that the upper Genshaw and Newton Creek of the Alpena area 
are represented by different facies in the Afton area. q 

Koehler limestone-—There are relatively few exposures of beds stratigraphi- 
cally higher than the Killians member in the Afton-Onaway area. 

The Koehler limestone is defined to include gray, bedded, dense limestones of 
sub-lithographic texture, which are known to overlie the Killians black limestone 
member, and underlie, unconformably, the Gravel Point crystalline and shaly 
limestone strata. The type locality is in the abandoned quarry of the Campbell 
Stone Company, one mile north of the village of Afton, Koehler Township, 
Cheboygan County. Other exposures include the sections in the small quarries 
known as the LeGrand Quarry, the Marvin or Little Campbell Quarry, and the 
Sorenson Quarry, as well as a few imperfect exposures along road cuts and valley 
slopes. 

The most eastern exposure is in Sec. 5, T. 34 N., R. 1 E., west of Tower, but 
float derived from the Koehler has been observed one mile west of Onaway along 
the road between Secs. 31 and 36, T. 35 N., Rs. 1 and 2. The following section was 
measured along the north face of the Campbell Stone Company Quarry. 


Thickness 
Feet Inches 

Overlying formation—Gravel Point - 
Bed 8—Clay seam with spherical and ellipsoidal chert concretions. Surfaces of con- 

cretions rough and pitted. Fracture surfaces reveal impressions of cubic and tetra- 

Bed 7—Light gray limestone with connected solution cavities near top. Cup corals 

provisionally assigned to genus Heterophrentis common in lower half. Separated 


from bed below by thin layer of platy black shale......................0e cues 2 
Bed 6—Light bluish gray, blocky, stylolitic, dense sub-lithographic limestone with 

irregular calcite fillings. Rock has conchoidal fracture and metallicring........... 5 8 
Bed 4—Dark gray dense limestone, with thin intercalation of calcareous shale at 

Bed 3—Light gray, blocky, dense, sub-lithographiclimestone..................... I 


Bed 1—Light gray, thinly bedded, dense limestone forming base of quarry........ 


North of the quarry and on the lower slope of the hill, a pit exposes limestor e 
of the Koehler facies. There is a concealed vertical interval of 30 feet between the 
bottom of the pit and the highest exposed strata of the Killians black limestone 
member. The evidence suggests that the Koehler formation has a thickness of 30 
to 40 feet. This is substantiated by the drill cuttings from the Campbell well No. 
1, Sec. 7, T. 34 N., R. 1 W., south of Afton. 

The upper part of the Koehler is exposed at two localities: the Afton Quarry 
and the LeGrand Quarry, the latter near the middle of Sec. 28, T. 35 N., R. 1 W. 
Only a few feet of the beds near the upper contact are missing in the Marvin and 
Sorenson quarries. The former is in Sec. 7, and the latter in Sec. 11, T. 34 N., R. 
1 W. 

There is a prominent break at the clay seam, bed No. 8, in the Campbell 
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Stone Quarry and the overlying beds are assigned to the Gravel Point. The clay 
seam may be traced almost continuously around the walls of the quarry, but the 
detailed characters of the beds immediately beneath the clay seam differ from 
each other. In the section measured along the north side of the quarry, bed 7 
underlies the clay seam. At a distance of 800 feet the section on the south side of 
the quarry shows a 4-foot bed of fray fragmenta! limestone intercalated between 
the clay seam and bed 7. The 4-foot bed contains an agglomeration of small heads 
of Hexagonaria and Favosites in addition to fenestellids and crinoid columnals. 

In the Marvin Quarry the highest bed of the Koehler is a dense sub-litho- 
graphic limestone which contains a relatively large number of gastropod molds. 

No fossiliferous strata were observed in the exposures of the Koehler formation 
in the LeGrand Quarry. The beds above the Koehler are, in contrast, persistent, 
and no stratigraphic break is apparent. The irregular contact between the tops of 
the Koehler and the lower Gravel Point, suggest that a part of the Koehler was 
eroded prior to the deposition of the Gravel Point. 

The assignment of the Koehler to a formation older than the Gravel Point 
rather than to the Charlevoix, as indicated by Pohl (1930, Pl. I, Col. 6 and 10) is 
made for several reasons. Although both formations are characterized by dense 
semi-lithographic and stylolitic limestone, and gastropods have been found in 
each, little weight is assigned to these criteria. Limestone of lithographic charac- 
ter is comparatively common in Michigan. Such limestone occurs in the Rock- 
port Quarry formation near the base, and in the Potter Farm formation near the 
top of the Traverse group, as well as in the Koehler and Charlevoix formations. 
Preliminary examination of the Koehler gastropods does not indicate that they 
are conspecific with those from the Charlevoix. 

In the Lake Michigan area, the odlite bed of the Charlevoix is stratigraphically 
much higher than the Chonetes emmetensis zone of the Gravel Point, whereas the 
odlite bed observed in the Afton Quarry is below the Gorbut limestone, which in 
turn is below the Chonetes emmetensis zone (Fig. 3, columns D and E). 

Gravel Point formation —The Gravel Point formation was described by Pohl 
in 1930 (p. 5); he referred to it as the Gravel Point stage. Pohl included in his 
Gravel Point all strata below the Charlevoix limestone which is exposed in the 
Little Traverse Bay area. The lowest strata observed by Pohl are characterized 
by the occurrence of the brachiopod Chonetes emmetensis. The writers have 
examined the section in the area of exposures near Lake Michigan, and have 
compared both the lithologic character and the contained fauna of those sections 
with the sections exposed near Gorbut School, Cheboygan County, and believe 
them to be identical. This opinion was also borne out by G. A. Cooper (February 
14, 1942) to whom samples of rocks and fossils were submitted. 

The lower beds of the Gravel Point are exposed in the Campbell Stone Com- 
pany Quarry north of Afton, in the small quarry northeast of the Gorbut School, 
and in the Marvin Quarry, about 2 miles southeast of the Campbell Stone 
Company Quarry. A section, measured along the north face of the Campbell 
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Stone Company Quarry near Afton, is continuous with that exposing the Koehler 
formation. 


Feet Inches 
Overlying formation not exposed 
Bed 17—Massive, fine grained, gray stylolitic limestone. Coral Hexagonaria and 

brachiopod Pentamerella are most common fossils. ............-..eeeeeeeeeees 9 6 
Bed 16—Irregularly laminated, lenticular, dark gray to brown argillaceous limestone 

Bed 15—Irregularly laminated black shale and brown to black limestone, differing 

from bed above in greater proportion of limestone. Numerous crushed specimens 

Md a long solitary coral, provisionally referred to Heterophrentis, occur in shale 

Bed shale with lenticular black limestone ° 6 
Bed 13—Compact, dense, dark gray limestone with scattered crinoid columnals.... 6 
Bed 12—Massive, finely odlitic to finely granular buff limestone. Sparingly fossilifer- 

ous, but does include isolated gastropods and Jarge heads of Favosiies............. 7 6 
Bed 11—Alternating thin layers of limestone, platy calcareous shale, and soft shale. 

Bed 1o—Dark gray to black, dense limestone with abundant tests of ostracod Welle- 

Bed g—Irregularly laminated, dense to finely granular gray limestone.............. 4 10 


Total 
Bed 8—Underlying formation. Clay seam of Koehler formation. 


The section at the small LeGrand Quarry northeast of Gorbut School dupli- 
cates that in the Campbell Stone Company Quarry. The most characteristic 
part is a 10o-foot member composed of alternating layers of dark-colored to black 
limestone and black shale, which correlates with beds 14, 15, 16 of the quarry 
north of Afton. Because it occurs in many parts of the area, this member is 
valuable in determining the approximate location of the Koehler-Gravel Point 
boundary. Its thickest development is in the small LeGrand Quarry, but since 
the name LeGrand is preoccupied for a stratigraphic unit of Mississippian age in 
Iowa, Gorbut is proposed for this Middle Devonian member in Michigan. The 
name Gorbut is taken from the school of that name, which is about } mile south- 
west of the quarry. The member is also exposed on the slope of the hill north of 
the Gorbut School, and serves to show the relation of the Koehler beds at the 
base of the hill to the Chonetes emmetensis zone of the Gravel Point formation 
near the summit of the hill (Fig. 3, column E, and Fig. 4). 

The Gravel Point is also exposed i in the Marvin Quarry, Sec. 7, T. 34 M., KR: 
1 W., and in the bottom of a ravine in Sec. 18, T. 34 N., R. 1 W. 

The exposures at the Marvin Quarry are sulicieatly different to warrant com- 
parison. The section is briefly described. 


Feet Inches 
Overlying formation not exposed 

Bed 8—Massive, fine-grained, gray to buff limestone. Contains Hexagonaria n. sp., 

Bed 7—Biostrome made up principally of large laminar stromatoporoids............ 2 
Bed 6—Irregularly bedded massive gray limestone similar to bed 8. Contains stroma- 

toporoids, coral Hexagonaria, and brachiopods. 5 
Bed 5—Tan to gray massive limestone. Contains Bryozoa, Brachiopoda, Gastropoda, 

Bed 4—Dark gray dense limestone with Ostracoda. I 
Bed 3—Black shaly limestone with irregular partings of soft flaky black shale..... 2 


Bed 1—Underlying formation—dense gray, cavernous, sub-lithographic limestone of 


4 
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Beds 6 and 7 of the Marvin Quarry are considered to be younger than bed 17 
of the section north of Afton. Bed 3 of the Marvin section is correlated with the 
Gorbut member. 

It is not known whether the concealed interval, bed 2, represents the Gravel 
Point or the Koehler. However, if we add the 6 feet to the Gorbut member, the 
maximum separation of the top of the Gorbut and Koehler is 8 feet, compared 
with the 22 feet which separate the top of the Gorbut and Koehler in the quarry 
north of Afton. Since no marked stratigraphic break exists at the base of the 
Gorbut, we can not attribute the absence of 14 feet of lower Gravel Point to 
erosion. The conclusion seems to be that the lowermost Gravel Point was not 
uniformly deposited over the post-Koehler surface. The amount of Koehler 
which was removed in the pre-Gravel Point interval can not be determined. Ir- 
regularity in contact has already been mentioned, and might account for uneven 
deposition of the lower Gravel Point. The evidence at present points to an ero- 
sional unconformity between the Koehler and the Gravel Point, comparable with, 
but not contemporaneous with, the stratigraphic break between the Charlevoix 
and Petoskey of the Little Traverse Bay area (Pohl, p. 19). 

Beds of the Gravel Point, stratigraphically higher than bed 7 of the Marvin 
Quarry, do not crop out commonly in the area. Massive and thin bedded lime- 
stone and shale layers are exposed in the road ditch south of the Gorbut School, 
at an elevation of 60 feet above the outcrop of the Gorbut member which is 4 
mile north (Fig. 4). With prevailing dips toward the south, the stratigraphic 
thickness of the concealed beds is probably less than 60 feet. The limestone con- 
tains specimens of Chonetes emmetensis associated with Mucrospirifer, Pholido- 
strophia, and a smal] Atrypa. The fauna and the lithologic character link this area 
with that in the vicinity of Petoskey. Overlying the Chonetes zone are more 
massive beds containing Hexagonaria percarinata. 

It is not known definitely whether the Chonetes emmetensis zone represents the 
highest Gravel Point strata that are exposed in the Afton area. Beds at, or near, 
the same stratigraphic horizon are exposed in the SE. 4, Sec. 6, T. 34 N., R. 1 W.. 
Exposures in the SW. corner of the SE. 3, Sec. 18, T. 34 N., R. 1 W., have the 
lithologic and faunal characters of some beds in the Little Traverse Bay sections 
of the Gravel Point formation. The beds differ in detail from bed 16 of the Afton 
section, and it is assumed that they are somewhat higher in the section. 

The upper contact of the Gravel Point occurs along the roadside about 2 
miles south of Afton. Here a light-colored finely crystalline limestone is separated 
by a small covered interval from a coarsely crystalline, crinoidal limestone as- 
signed to the Beebe School formation. 

Detailed surveys of the structural geology in the Beebe School area suggest 
that the light-colored, finely crystalline limestone can not be much more than 40 
feet above the top of the Koehler limestone. The contact of the Gravel Point and 
Beebe School formations is about 3,000 feet due south of the contact between the 
Gravel Point and the Koehler limestone, and is 40 feet lower. Imperfect exposures 
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near the center of Sec. 11, T. 34 N., R 2 W., do not suggest that the strata are 
inclined as highly as they are in the southeastern part of the same section. In 
the southeastern part of the section the average component of the dip in a north- 
south direction is about 2}°, but in the northeast part of the same section the 
beds are almost flat. If we take an approximate mean of these two dip com- 
ponents, that is about 17° and allow for the change of elevation from the northern 
outcrop to the southern outcrop, an estimated thickness is about 60 feet (Fig. 5). 

If the determination of 60 feet for the total thickness of the Gravel Point in 
the Afton area proves to be correct, it follows that a considerable portion of the 
Gravel Point of the Petoskey area is absent in the Afton area. This conclusion is 
partly supported by the lack of any indication of the rich fauna of the lower and 
upper blue shale members of the Gravel Point of the Little Traverse Bay area in 
outcrop or glacial drift within the Afton area. 

Outcrops of white, massive, crystalline limestone on the road leading west 
from Onaway, as well as in a railroad cut in Sec. 6, T. 34 N., R. 1 E., may be 
Gravel Point in age. The beds exposed in these two localities overlie strata as- 
signed to the Koehler formation, but differ in lithologic character from anything 
seen in the Afton area on the west. The character of the post-Koehler beds sug- 
gests the Alpena limestone of the Lake Huron shore vicinity section, rather than 
the Gravel Point limestone of the Lake Michigan shore vicinity section. 

Beebe School formation.—The name Beebe School is applied to those limestone 
and shale beds which overlie the Gravel Point, and underlie the Antrim shale, and 
which are exposed on the front and back slopes of a series of low cuestas which 
trend in a northwest direction from Beebe School. The strata have not been 
recognized elsewhere. The formation may be conveniently subdivided into 


about four units. 
Feet Inches 
Overlying formation—Antrim shale 
Bed 4—Prevailingly thin-bedded, dark gray, weathering to light gray and buff, fine- 
to medium-textured limestone interbedded with shaly limestone and shale. Fossils 
common. Prevailing types are corals, stromatoporoids, Gastropoda, and a few 
Bed 3—Yellow weathering calcareous shale interbedded with thin, highly fossilifer- 
ous, limestone layers. The most abundant fossils are short, long-winged Mucro- 
spirifer and small, strongly costate Stropheodonta..............ssccececeseces 30 
Bed 2—Thin-bedded light gray, brown weathering, cherty limestone with some very 
fossiliferous layers. Most fossils are Brachiopoda belonging to genera Cyrtina, Mu- 
crospirifer, Productella, Stropheodonta, and Craenena. Some corals, including Cylin- 
Bed 1—Biostrome, massive, porous, and composed of unoriented coralla, fragmentary 
remains of crinoids, Bryozoa, and Brachiopoda. Matrix coarsely granular. Appears 


conformable with underlying limestone, separated by thin concealed interval... ... 10 
Underlying formation—massive, fine-grained, gray limestone containing coral 
Hexagonaria percarinata (Sloss). Assigned to Gravel Point formation............. 70 


The thickness of each member of the Beebe School formation is difficult to 
measure because the bedding planes of many of the beds are imperfectly exposed, 
or show evidence of slumping, and the structural attitude can only be ap- 
proximated. 
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A determination of 75 feet for the total thickness of the beds which the writers 
now refer to the Beebe School formation was made by Ulrich and Ehlers in 1926 
(Ehlers, 1938, p. 10). At that time the road which passes the Beebe School was 
under construction and a minimum of bed rock was concealed. 

Another determination of thickness was made by a plane-table survey of the 
structural relations of the limestone beds which cap the series of cuestas in the 
area in the NW. , Sec. 14, T. 34 N., R. 2 W. From this information the north- 
south component of the dip between the biostrome, bed 1, 650 feet north of, and 
the outcrop of the upper limestone, bed 4, 50 feet south of the school corner, was 
determined to be 23°. Since the top of bed 4 is topographically 47 feet higher 
than the base of bed 1, the computed thickness is 73 feet. 


LOCALITIES OF OUTCROPS 


The geographic location of the outcrops described in the following paragraphs 
are indicated by encircled numbers on the areal geologic map of the Afton- 
Onaway area (Fig. 1). The lower numbers are assigned to the southwest part of 
the area and increase toward the northeast. 


Locality 1.—Discontinuous outcrops of the Beebe School and Gravel Point formations beginning 
in the drainage ditches on the north slope of the valley, 1,100 feet south of the Beebe School, and 
extending along the same road 2,100 feet north of the school. Exposures occur on both sides of the 
road, but are more extensive on the west side. Strata of the Beebe School are imperfectly exposed 
550 feet along the road west of the school, and are separated by a concealed interval] from the fissile 
black Antrim shale, which is exposed in a shallow excavation 1,050 feet west of the corner. Ledges of 
the silicified limestones (bed 2 of described section) are exposed on the dip slope of the cuesta for g00 
feet. Details of the sections in this area are described under the headings of Gravel Point and Beebe 
School formations. 

Locality 2.—Small quarry (Sorenson’s Quarry) in the SE. 3, Sec. 2, T. 34 N., R. 2 W., on the west 
side of the road. About 10 feet of almost horizontal beds of limestone are exposed. The limestone is 
characteristic of the Koehler formation, and includes porous and non-porous beds with semi-litho- 
graphic texture. 

- Locality 3—Discontinuous outcrops of Genshaw limestone and shale in ledges along the Pigeon 
River from the old Elmer Dam downstream for about 1,500 feet. Located in Sec. 1, T. 34 N., R. 2 W. 
Total thickness of section—21 feet. 

Locality 4.—Outcrops of Genshaw limestone along the north bank of the Pigeon River, about 
1,300 feet west and 1,200 feet south of the NE. corner of Sec. 2, T. 34 N., R. 2 W. Higher beds of the 
Genshaw are exposed at a spring about 30 feet up the valley slope, about 600 feet west and 500 feet 
south of the same corner. The section is continued 1,000 feet north of the corner, where a bed of black 
limestone of the Killians member is exposed. The outcrop is about 50 feet west of the section line. 

Locality 5.—Quarry of the Campbell Stone Company, exposing Koehler and Gravel Point for- 
mation. This section has been described elsewhere in this report. Beds of the Koehler are also exposed 
on the slope of the smal] valley which cuts diagonally across the E. 3 of Sec. 36, T. 35 N., R. 2 W. 

Locality 6.—Exposure of 2 feet of Genshaw limestone along the southern branch of Little Pigeon 
River, where that stream crosses the W. line of Sec. 24, T. 35 N., R. 2 W. 

Locality 7,—Genshaw-Killians contact. Exposures chiefly in road cuts along the southern lines of 
Sec. 19, T. 35 N., R. 1 W., and Sec. 24, T. 35 N., R.2 W. The best exposure of the Killians limestone 
in the Afton area occurs on a hill in NW. 3, Sec. 30, T. 35 N., R. 1 W. About 25 feet of Killians and 2 
feet of sub-Killians Genshaw are exposed. The Killians is close to the surface in the SW. corner of Sec. 
20; 7.35 N., Rea W. 

Locality 8.—Isolated exposure of 5 feet of buff granular dolomitic limestone provisionally assigned 
to the Newton Creek formation. The outcrop is about 2 mile south of the NW. corner of Sec. 29, 
~ 9 where an abandoned railroad track crosses the section line between Secs. 29 and 30, T. 34N., 

Locality 9.—Outcrop of the Koehler and Gravel Point along the escarpment south of LeGrand, 
located principally in Secs. 28, 29, and 33, T. 35 N., R. 1 W. The interrupted exposures on the high- 
way extend from a point 1,200 feet south of the NW. corner of Sec. 28, to the shallow valley 1,200 feet 
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south of the Gorbut School and are shown in Figure 4. Locality 9 also includes both the LeGrand 
Quarry located on the eastern face of the bluff formed where the escarpment has a southerly trend, 
and the massive limestone in the abandoned railroad cut found both 3 mile east of, and 500 feet south 
of, the Gorbut School corner. 

Locality ro.—Outcrops of the dense, sub- lithographic limestone of the Koehler formation in the 
bed and along the banks of the smal] stream in the SE. }, Sec 33, T. 35 N., R. 1 W. 

Locality 11.—Exposure of massive fossiliferous limestone of the Gravel Point formation, similar 
to that which overlies the Gorbut member, in the roadbed of Michigan Highway No. 33 about 3 mile 
east of the SE. corner of Sec. 33, T. 35 N., R. 1 W. 

Locality 12.—Exposures of Koehler and Gravel Point formation in the Marvin Quarry in the 
NE. 3, Sec. 7, T. 34 N., R. 1 W. The section is described elsewhere in this report. The strata outcrop 
along the east- west road north of the quarry as = east as the school, and also along the northeast 
trending scarp in the SE. 4, Sec. 6, T. 34 N., R. 1 W 

_Locality 13.—Outcrops of black limestone and shale of the Gorbut member in the bottom of a 
ravine which crosses the line between Secs. 17 and 18, T. 34 N., R. 1 W., about § mile south of the 
quarter line. Total thickness of the section about 7 feet. 

Locality 14.—Outcrops of thinly bedded, fine- to medium-grained limestone interbedded with 
calcareous shale along the roadside in the SE. } of Sec. 18, T. 34, N., R. 1 W. The section includes a 
1-foot bed of dense black shale. Exposures of massive limestone, } mile north, occur in the fields. The 
entire section is about 5 feet thick. Fossils characteristic of the Gravel Point are abundant. 

Locality 15.—Ledges of black Killians limestone below water level of Milligan Creek, where that 
stream is crossed by State Highway 33, Sec. 6, T. 34 N., R. 1 E. The exposures are continued along 
the roadside toward the east. A concealed interval separates them from sub-lithographic and cavern- 
ous limestone of the Koehler formation in the SE. 3 of Sec. 6. Float of the Koehler formation is 
abundant } mile south of the SE. corner of Sec. 6. 

Locality 16.—Outcrop of dense sub-lithographic limestone of the Koehler formation in the upper 
part of the bluff in the NE. corner of Sec. 5, T. 34 N., R. 1 E. 

Locality 17.—Exposures of the upper Ferron Point, and the lower and middle parts of the Gen- 
shaw formation along the bed and banks, and in places along the valley walls of Milligan Creek. One 
smal] exposure occurs in a miniature sink-hole on the north side of the road, goo feet east of Waverly 
School No. 4. The Rockport Quarry limestone is exposed in the bed of Milligan Creek where that 
stream is crossed by the bridge of the Detroit and Mackinac rmageoag and the highest bed of the 
Genshaw is exposed in a high bluff in the north-central part of Sec. 31, T. 35 N., R. 1 E., where the 
Milligan makes an abrupt turn from a southeasterly to an easterly course. Limestone is ‘exposed in 
the bed of the creek as far up the stream as the western boundary of Sec. 31, but the limestone ex- 
posed in that section is believed to be stratigraphically lower than the highest beds in the bluff 
previously mentioned. An estimated thickness of about 85 feet of Ferron Point and Genshaw lies 
between the lower and upper limits of the section. Some of the beds are highly fossiliferous. 

Locality 18.—Section exposing 13 feet of lower Genshaw on the north face of an east-west bluff 
known locally as Limestone Hill. The beds are best exposed } mile north of the SE. corner of Sec. 
21, along the | unimproved road which follows the line between Secs. 21 and 22, T. 35 N.,R.1 E. 

Dense, semi-lithographic limestone of the Rockport Quarry formation is exposed in the bed of 
- — creek near the center of Sec. 22. This outcrop occurs in the glacial lake plain north of 
the bluff 
Locality 19.—The upper part of the Rockport Quarry limestone is exposed intermittently in the 
bed and along the banks of the Black River for a distance of about 1 mile in Secs. 28 and 33, T. 35 N., 
R. 1 E., and forms a series of rapids, known locally as Shanty Rapids. The exposures are separated by 
a quiet ‘portion of the stream from the ledges of the lower Genshaw in Sec. 33. There are a number of 
small anticlinal and synclinal undulations which make determination of the thickness of the exposures 
difficult. There is probably a total of 15 feet of beds exposed. 

Locality 20.—Exposures of about 6 feet of the Killians member of the Genshaw are found in the 
roadside ditch, NW. corner of Sec. 9, T. 34 N., R 1 E., and the small inlier of sub-Killians Genshaw 
in the ditch on the south side of State Highway 33, opposite the end of the blind road at the NE. 
corner of Sec. 8, T. 34 N., R. 1 

Locality 21 —About 17 feet of Genshaw limestone and shale is exposed below the Tower Dam in 
Sec. 3, T. 34 N., R. 1 E., along the Black River. This section is typical of the Genshaw and easy to 
reach from Michigan Highway 33. Beds of the Killians are exposed about 3 mile east. The Killians 
occurs at a higher elevation along the roadside about } mile south of the NE. corner of Sec. 3. 

Locality 22.—Discontinuous exposures of fossiliferous limestone and shale of the Genshaw for- 
mation at the north and south, as well as on the face of the bluff crossed by the road which follows 
the center line of Sec. 34, T. 35 N., R. 1 E. The total thickness of the beds exposed is difficult to deter- 
mine because of the relatively long distance between outcrops. A probable interpretation, which ac- 
cords with available structural information, indicates that nearly 100 feet of strata separate the 
lowest and highest beds. The highest beds are assigned to the lower part of the Killians member. 
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The bluff trends in an easterly direction, and about } mile south of the NE. corner of Sec. 34, 
forms a conspicuous landmark. The top of the bluff is capped by massive limestone with conspicuous 
crinoid columnals in a dark gray matrix. These beds may represent the Killians member. The lower 
Genshaw is exposed near the base of the bluff. 

Locality 23.—Exposures of about 8 feet of bedded, dark gray limestone in the SW. 3, Sec. 23, 
T. 35 N., R. 1 E. The outcrops extend east and west throughout a distance of about 600 feet. The 
lower bed forms the cap rock of a perennial spring. Fossils include abundant stromatoporoids, in ad- 
dition to simple and colonial corals. The beds are referred to the lowermost Genshaw. 

Locality 24.—Excavation exposing irregularly bedded shaly limestone, and calcareous shale, con- 
taining the rich fauna characteristic of the Ferron Point shale. The exposure is 800 feet south, and 400 
feet west of the NE. corner of Sec. 26, T. 35 N., R. 1 E. 

Locality 25.—The top of the sub-Killians Genshaw, as well as the basal part of the Killians mem- 
ber forms a series of low cuestas in the NE. }, SW. }, Sec. 36, T. 35 N., R. 1 E. The steep face of 
the cuestas is toward the north. 

Locality 26.—Exposures of massive black limestone, interbedded with black shale, of the Killians 
member along the roadside in the SE. 3, Sec. 36, T. 35 N., R. 1 E. South of the Killians exposure, the 
road follows the township line between Secs. 6 and 1. Glacial deposits, containing a large proportion 
of Koehler limestone are exposed in road-cuts about } mile south of the Killians outcrop. 

Locality 27.—Massive, crystalline, white to light gray limestone is exposed in a railroad cut about 
$ mile south of locality 26 in the SW. }, NW. 3, Sec. 6, T. 34 N., R. 2 E. It is sparingly fossiliferous, and 
the fauna includes a species of Hexagonaria allied to H. percarinata of the Gravel Point. 

Locality 28.—Discontinuous outcrops of massive, crystalline white limestone occur on both sides 
of State Highway M-33 for a distance of } mile from the SW. corner of Sec. 6, T. 34 N., R. 2 E. Some 
of the limestones lack stratification and suggest a reef facies. Few fossils, other than flat stromatopo- 
roids, colonial and simple corals, occur. The presence of a variety of Hexagonaria closely allied to 
form found elsewhere only in the Gorbut member, suggests an age equivalent to the Gravel Point. 

Locality 29.—Ledges of Killians black limestone below water level on the upper part of Black 
River in the E. 3, Sec. 13, T. 34 N., R. 2 E. This is the most southerly exposure of bed rock in the area. 

Locality 30.—Outcrop on east side of State Highway M-211, in the NW. 3, SW. 3, Sec. 32, T. 35 
N., R. 2 E. Exposure of 13 feet of black shaly limestone and black brittle shale, containing a large 
Atrypa, Pentamerella,small strongly costate Stropheodonta, and abundant Pholidostrophia of the Kil- 
lians member overlain by nearly 2 feet of gray granular limestone. The upper bed resembles the section 
exposed at locality 32. 

Locality 31.—Outcrop of the middle portion of the Genshaw north of Rowe School in Sec. 29, T. 
35 N., R. 2 E. Limestone is exposed intermittently along low escarpments trending N. 40° W. on the 
west side of the valley of Stoney Creek, almost to the corner of Sec. 29. The exposures and escarp- 
ments continue westward almost to locality 33. Locality 31 includes outcrops found along the adjacent 
State Highway M-2a11 as far north as Stoney Creek. A total of about 40 feet of strata is exposed. 

Locality 32.—About 4 feet of bituminous black shaly limestone assigned to the Killians is overlain 
by 2 feet of fossiliferous tan to light brown crystalline limestone 180 feet south of the SE. corner of 
Sec. 30, T. 35 N., R. 2 E., 13 miles north of Onaway. Because its fauna resembles that of the Genshaw 
rather than that of the Newton Creek, this limestone is tentatively assigned to the upper Genshaw. 

Locality 33.—Intermittent exposures of approximately 22 feet of Genshaw found along an escarp- 
ment trending approximately east-west in SE. 3, Sec. 25, T. 35 N., R. 1 E. The best outcrop is along 
the road 1,100 feet south of the W. } corner and extends to the escarpment at the E. } corner of Sec. 
30, 35. N., KR. 

Locality 34.—Composite section of the Rockport Quarry, the Ferron Point, and the lowest beds of 
the Genshaw obtained from exposures in the abandoned quarry of the Onaway Limestone Company 
at Black Lake, and in the cliffs along the south shore of the lake, Sec. 7, T. 35 N., R. 2 E. The quarry 
face exposes sharply inclined limestone of the Rockport Quarry and shale of the Ferron Point forma- 
tions. The section is continued along the lakeshore north of the quarry, where the Rockport Quarry 
limestone disappears below the lake surface, and is succeeded in the lake bluffs by the Ferron Point 
shale, and the basal 17 feet of the Genshaw limestone. 

The same section is imperfectly exposed on the east-west road through the middle of Sec. 7. 


STRUCTURAL GEOLOGY 


The Afton-Onaway area is in the north-central part of the Michigan struc- 
tural basin (Newcombe, 1933, Pl. III). The regional dip calculated from New- 
combe’s structural contour map is about 30 feet per mile toward the southwest. 
That the regional dip is very gentle is substantiated by the fact that the greater 
part of the Traverse group—from near the base of the Rockport Quarry forma- 


i 
q 


Sz ANOJUOD jo do} ye uMvLAp ‘gale deul jo dew “Oly 


$3409 T1140 GNV SdOYDLNO NO G3SVEG SNOILVA313 
4833 


+ 


NOILVWYOS AUYWNO 3O dOlL LV SYNOLNOD 


NVOIHOIN AVMVNO-NOLJV YNOLNOD 


ai vi 
8 a 

\ 
s o19 
se 


NGEL 


ez \ 
2 
v 
O19 °A313 


. 


7 
: 
| 
= 
it 
| DS 
ad 


Onaway map area, Michigan. Contours drawn at top of Rockport Quarry formation. Contour interval 25 feet 


Fic. 6.—Structural contour map of Afton- 


STRATIGRAPHY OF TRAVERSE GROUP IN MICHIGAN 465 


tion to the base of the Antrim shale—is exposed between Black Lake and the 
Antrim outcrop near the center of Sec. 14, T. 34 N., R. 3 W. (Fig. 1). The eleva- 
tion of the lowest exposed bed in the Rockport Quarry formation, estimated to 
be 20 feet above its base, is 610 feet at Black Lake. The elevation at the base of 
the Antrim about 15 miles southwest of Black Lake, in the center of Sec. 14, T. 
34 N., R. 2 W., is 795 feet. Consequently, there is a maximum difference in eleva- 
tion between the two outcrops of only 185 feet. The Traverse group, with the 
exception of the Bell shale and Lower Rockport Quarry formation, crops out 
intermittently from Black Lake to the Antrim exposure. This higher portion of 
the Traverse has a minimum thickness of about 280 feet, as indicated by a study 
of the samples obtained from the Francis Oil Company’s Campbell well No. 1 in 
Sec. 7, T. 34 N., R. 1 W. To this figure we must add at least the thickness of the 
Beebe School formation, 75 feet, which gives a conservative estimate of 355 
feet. Thus there is too great a thickness of rock to be exposed in the 185 feet 
difference in elevation unless there is a dip of about 20 feet per mile southwest. 
Because of the many minor and subordinate flexures in the area, local dips may 
exceed 20 feet per mile, but there are also local dips which oppose the regional 
dip. Consequently, 20 feet per mile is merely an average of these local inclinations. 

Minor flexures in the strata can be observed in the Afton Quarry and along 
Milligan Creek. Exposed strata in the valley of the Milligan change direction of 
dip every few hundred feet. The significance of these flexures is obscure, and at- 
tention of the writers was directed principally to structural features which are of 
greater areal extent than the minor flexures previously mentioned. The larger 
structures superimposed on the regional dip are indicated by a structural contour 
map (Fig. 6). 

The contours of this map are drawn on top of the Rockport Quarry formation, 
because the dense, buff, lithographic limestone at the top of this unit is readily 
recognizable in both well samples and outcrops. Most of the elevations on the 
Rockport Quarry limestone were obtained by subtracting the thickness of strata 
between the Rockport Quarry and some marker zone or formation, from the 
surface elevation of the marker. Because the most common outcrops are those 
of the Genshaw formation, and because the individual beds of this formation 
possess no distinctive lithologic characters, it was necessary in this investigation 
to depend mainly on faunal zones as markers. The zone fossils possess a strati- 
graphic range of several feet, and thus introduce a variable factor. As a result, 
the elevations determined for the top of the Rockport Quarry formation are 
necessarily correct only within the limits possible in determining thé strati- 
graphic position of the faunal zones. In most calculations the possible error is 
considered to be less than 7 feet. This method of determining elevations is not 
exact, but it is the only method feasible for scattered exposures of small vertical 
interval in this area. Subsurface elevations from several wells in the area sub- 
stantiate the conclusions derived from surface data. Those elevations on the 
structural contour map which do not coincide in geographic location with locality 
numbers on Figure 1 are from subsurface data obtained from wells. 
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Structural features shown on Figure 6 include from west to east: the Pigeon 
River anticline; an unnamed syncline; a small structural nose; a minor syncline; 
and the major structural feature in the eastern half of the map, the Black Lake 
anticline, which is bordered on the east by the Onaway syncline. 

The presence of the Pigeon River anticline in the southwestern part of the 
Afton-Onaway area is denoted by several lines of evidence. The Chonetes- 
Muscrospirifer beds of the Genshaw formation have an elevation 40 feet higher 
at the Locality 3 than in the SW. 4, Sec. 19, T. 35 N., R. 1 W. There is, then, a 
rise in elevation to the south from the outcrops in Section 19. A marked south- 
east dip from the Francis Oil Company’s Vizina No. 1 (SE. 3, Sec. 1, T. 34 N., 
R. 2 W.) to the same company’s Campbell No. 1 (NE. 3, Sec. 7, 34 N., R. 1 W.) 
is attested by a 50-foot drop in elevation on the top of the Rockport Quarry 
formation. A local east dip is shown by the downdip swing of the Gorbut member 
where it crosses the ravine in the SE. 3, SE. }, Sec. 7, 34 N., R. 1 W. A dip to the 
southwest is indicated by the cuestas north of the Beebe School and also by the 
presence of Koehler, Gravel Point, and Beebe School beds between the Genshaw 
outcrops on the Pigeon River, elevation 745 feet, and the Antrim outcrop, eleva- 
tion 795 feet, in Sec. 14, T. 34 N., R. 2 W. The thickness of strata represented by 
the three formations, about 170 feet, could not be fitted into the vertical distance 
between these outcrops without a definite southeast dip because there is in- 
sufficient topographic relief. 

No closure of the contours to the northwest is positively indicated, but closure 
is probably present. The outcrops of the limestone in the NE. 4, Sec. 2, T. 34 N., 
R. 2 W., near the top of the lower Genshaw is at an elevation of 770 feet. Sub- 
tracting an interval of 125 feet for the combined lower Genshaw and Ferron 
Point (Fig. 3) the calculated elevation of the Rockport is 645 feet. The elevation 
of the Rockport would be increased at this location if the Genshaw-Killians con- 
tact occurs above 770 feet. The upward range of this contact is controlled by an 
elevation of 810 feet, at the outcrop of Killians limestone along the line between 
Secs. 35 and 36, T. 35 N., R. 2 W. 

A broad shallow syncline with a north-south axis is shown on the structural 
contour map. The axis is about 3 miles west of the principal meridian, but can not 
be more than approximately located because of the absence of outcrops in this 
axial area. The presence of a synclinal structure, however, is indicated by the 
controlled contours on each side of the meridian. In addition, the change in strike 
of the formations from northeast to northwest at the northern end of this syncline 
lends support to the structure as contoured. This syncline is bordered on the east 
by a small structural high which does not possess a north closure. 

A small syncline with a north-south axis roughly parallel with the line be- 
between Secs. 31 and 32, T. 35 N., R. 1 E., is suggested by the difference in 
elevation of, and by the northward re-entrant of, the top of the Killians in Secs, 
5 and 6, T. 34 N., R. 1 E. 

The largest structural feature in the eastern part of the area is located south 
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of Black Lake, and is referred to as the Black Lake anticline. No closure can be 
proved for the north end of this structure because of glacial overburden and the 
lack of drilling data. Relatively strong dips in every other direction away from 
the probable crest in the NE. 4, Sec. 26, T. 35 N., R. 1 E., and the directional 
trend of the contours on the northeast and western sides of this structure are such 
as to warrant reference to it as an anticline. 

The surface expression of the anticline consists of a broad south re-entrant 
of the escarpment formed by the upper Genshaw and, less commonly, the 
Killians. The escarpment swings southwesterly from the center of the W. line 
of Sec. 29, 2 miles north of Onaway, through Secs. 30 and 31, the S. } of Sec.36, 
and thence northwestward to Sec. 34, 1} miles north of Tower. 

The contour lines outlining the Black Lake anticline are based on several lines 
of evidence. Relatively steep inclinations which can be observed in the abandoned 
quarry of the Onaway Limestone Company persist for a minimum distance of 400 
feet. The strike is N. 30° W., and the dip 8° in a northeasterly direction, as 
determined from three elevations on the Rockport Quarry—Ferron Point con- 
tact. The clearest evidence, however, is furnished by the elevations of 610, 770, 
and 680 feet, respectively, for the Rockport Quarry-Ferron Point contact at the 
Black Lake Quarry (Loc. 34) in the shallow excavation in Sec. 26 (Loc. 24), and 
the rapids of the Black River (Loc. 19). 

Elevations were also determined at localities where the beds of the Clathro- 
dictyon-Pentamerella zone crop out. Since this zone is 45 feet thick, a fairly large 
error is introduced if the section exposed is isolated or thin. Control factors, such 
as nearby outcrops of the Killians, or the presence of an extensive sequence of 
beds, are afforded. 

Additional evidence is also furnished by the logs of wells which have been 


~ drilled for oil or for structural information. Numerous water wells drilled com- 


monly to the Rockport Quarry formation or the Bell shale, have also been useful 
in contouring the Black Lake structure. 

A small saddle southeast of the Black Lake anticline occupies a position 
nearly in the center of the north-south trending Onaway syncline. The Onaway 
syncline is inferred from several facts. The isolated outcrop, at the NE. corner of 
Sec. 31, T. 35 N., R. 2 E., of tan, crystalline limestone overlying, the Killians 
member would not crop out at an elevation of 824 feet unless there was a down- 
ward flexure of strata to the west or a sudden thinning of the underlying forma- 
tion. No evidence of a marked unconformity in the sequence exists and the 
writers are inclined to discount this possibility. Beds of the Clathrodicyton- 
Pentamerella zone crop out at the Rowe School less than 3 mile to the east at an 
elevation of 808 feet. If we assume that the highest beds of the Clathrodictyon- 
Pentamerella zone are exposed we shall still have to allow for the disappearance 
of 60 feet of strata, namely, the upper part of the lower Genshaw and the Kil- 
lians member. Beds of the Killians member are imperfectly exposed in a narrow 
belt between the two localities. 
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The upper part of the log of the Presque Isle Development Company well in 
the SE. corner of the NW. 3, Sec. 5, T. 34 N., R. 2 E. furnishes further evidence 
of a syncline. It is reproduced from the state geologist’s report on the oil and gas 
possibilities of Michigan (Smith, R. A., 1914). 


Feet 
Elevation, 830 feet Thickness Depth 

Pleistocene 
2. Gray limestone; moderate effervescence..........cccccccccecccscccececes 15 25 
3. Buff and dark gray limestone, and very argillaceous limestone; violent effer- 

4. Gray granular; bituminous; fossiliferous crinoids and corals, violent efferves- 

6. Gray limestone with much disseminated calcite; fossiliferous (corals) ; vigorous 

7. Dark limestone; highly calcareous black shale, disseminated calcite........... 80 250 
8. Gray, brown and black shale, slightly calcareous. .............-eeeeeee0e: 60 310 


The beds below this are referred to the Dundee and older formations, with 
which this report is not concerned. 

From this log one can readily pick out the Bell shale from description 8. The 
Rockport Quarry limestone is apparently represented by descriptions 6 and 7 
and the Ferron Point by description 5. The Rockport Quarry formation is repre- 
sented here, in part at least, by the black facies. This places the top of the Rock- 
port Quarry at an elevation of 680 feet and helps establish the eastern limb of the 
syncline. 

An outcrop of Gravel Point, or at least post-Koehler limestone in the railroad 
cut in the west half of Sec. 6, T. 34 N., R. 2 E., gives reason for believing that 
there is a relatively sharp south component of dip on the west limb of the Onaway 
syncline. The outcrop of Gravel Point is only one mile southeast of the Killians 
member which forms the low cuestas in the SW. 3, Sec. 36, T. 35 N., R. 1 E. There 
in only 8 feet of difference in elevation between these outcrops, and at least 45 
feet of strata occur between the two. The disappearance of this thickness of rock, 
substantiates the direct evidence of the southerly dipping Killians. 

Dips toward the south, probably components of a southwest dip, were re- 
corded on the Genshaw limestone at Tower Dam, and on a thin remnant of the 
Killians member 1} miles north of Tower. A southeast dip was measured on the 
top of the Rockport exposed at Shanty Rapids, Sec. 33, T. 35 N., R. 1 E. 
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SEDIMENTATION IN PERMIAN CASTILE SEA! 
RALPH H. KING? 
Washington, D. C. 
ABSTRACT 


The Permian Castile formation is a favorable starting point for a study of precipitated marine 
sediments because of its relatively simple stratigraphy. It is 1,300 to 2,000 feet thick and consists 
principally of “banded” or laminated anhydrite, but it contains some salt and other materials. It was 
deposited within the deep steep-walled Delaware Basin of western Texas and southeastern New Mex- 
ico. Throughout Castile time communication with the open sea was maintained through a restricted 
channel near the southwest corner of the basin. Paucity of detrital material indicates that the deposit 
consists almost exclusively of marine evaporites. 

It is suggested that the water within the basin consisted of a body of brine lying below average 
wave base and a less dense surface layer lying above average wave base. Some of the dense brine con- 
tinuously returned to the open sea; otherwise the volume of halite deposited would have been about 
30 times as great as the volume of anhydrite instead of somewhat less than the volume of anhydrite. 
The barrier must therefore have been incomplete. Either the top lay partly below wave base or the 
barrier was permeable. This theory of reflux is presented as a modification of Ochsenius’ bar theory. 

The calcium sulphate presumably was deposited as anhydrite rather than as gypsum because of 
the salinity of the brine. The banding is ascribed to seasonal variation in temperature. The average 
net rate of evaporation in Castile time is calculated as 114 inches a year. 


INTRODUCTION 


The chief purpose of this paper is to stimulate interest in and discussion of the 
deposition of precipitated sediments. Mere passive acceptance or prejudiced 
rejection of the reasoning and conclusions would be disappointing. The subject 
holds more than academic interest, for any data pertaining to chemical precipi- 
tates, and any inferences that may be drawn therefrom, have a bearing on the 
deposition of potassium salts and other saline minerals. 

The Castile formation was deposited within the Delaware Basin near the 
end of Permian time. The area originally covered by Castile rocks includes all of 
Loving and Reeves counties and parts of Pecos, Ward, Winkler, and Culberson 
counties, Texas, and parts of Eddy and Lea counties, New Mexico (Kroenlein, 
1939, Fig. 1; King, 1942, Fig. 33). The basin is 165 mile long (north-south) and 
96 miles wide (Adams, 1944, p. 1598). 

The Castile formation consists principally of “banded” or, more correctly, 
laminated anhydrite. It contains some small calcite lenses, some massive an- 
hydrite, and some halite (Adams, 1944, pp. 1603-08). A basal layer a few feet 
thick is calcareous (King, 1942, p. 611). The thickness of laminated and massive 
anhydrite ranges from 700 feet at the north end of the basin to 1,800 feet at the 
south end, and averages 1,250 feet. Halite is most prominent in the northern part 
of the basin, where it locally reachesa maximum thickness of goofeet. The thickness 
of the Castile formation as a whole ranges from 1,300 feet at the north end of the 
basin to 2,000 feet at the south end (Kroenlein, 1939, p. 1686). Adams (1944, p. 
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1604) states that the “average” thickness is between 1,500 and 1,850 feet and that 
the maximum exceeds 2,100 feet. 

Two main problems are considered. Perhaps the more controversial is the 
problem of accounting for the scarcity of salt in the formation, which is present 
in insignificant quantity in comparison with the great amount of anhydrite, as 
contrasted to the large ratio of sodium chloride to calcium sulphate in sea water. 
A modification of Ochsenius’ bar theory, termed the theory of reflux, is offered 
to account for this discrepancy. 

The second major problem is the original composition of the calcium sulphate, 
whether anhydrite or gypsum. Reasons are given for believing that it was 
anhydrite. 

Some inferences on the nature of the barrier and a computation of the average 
rate of evaporation are also offered. 

Discussion is restricted to the Castile formation because the sediments of that 
age were subjected to the fewest complicating factors during their depositional 
and post-depositional history. The boundaries of the area are well defined, the 
stratigraphy of the formation has been revealed by numerous drill holes, and the 
region has escaped violent tectonic movement, so that the deposits remain un- 
altered except by weathering. 


GEOLOGICAL AND CHEMICAL DATA 


Geologic history—As a result of the slight regional uplift that occurred at the 
close of Guadalupe time, the Permian sea withdrew from a large area in south- 
eastern New Mexico and western Texas, and during Castile time it occupied only 
the Delaware Basin in that area. The Delaware Basin had already received non- 
saline Permian sediments of great thickness prior to Castile time, but it continued 
to subside, so that throughout Castile time the water was several hundred feet 
deep (Adams, 1944, pp. 1598, 1617). Within the basin deposition was continuous, 
although the change in lithologic character was abrupt. The steep basinward face 
of the Capitan reef, which formed during Guadalupe time and rose 1,200 to 2,000 
feet above the basin floor (Adams, 1944, p. 1598), constituted the margin of the 
basin. Because the sides of the basin were nearly vertical, the area covered by 
Castile sediments coincided almost exactly with the area of the water surface that 
was exposed to evaporation. Communication with the open sea was maintained 
through a shallow channel at the southwest corner of the basin (King, 1942, pp. 
758-59). 

At the end of Castile time the sea withdrew still farther, so that locally an 
erosional unconformity separates Castile sediments from the overlying Salado 
formation (Adams, 1944, p. 1608). 

Laboratory data on evaporation of sea water.—Usiglio’s data, reeomputed by 
Clarke (1924, pp. 220-21) in more commonly used units, indicate that when a 
sample of sea water is evaporated, iron oxide and calcium carbonate begin to 
precipitate before the volume has been reduced by half. When the volume has 
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been reduced to 19 per cent of the original volume, all the calcium carbonate and 
about one-third of the calcium sulphate are precipitated. When the volume is 
further reduced to 9} per cent of the original volume, more than 85 per cent of 
the calcium sulphate is precipitated, together with slightly more than 10 per cent 
of the sodium chloride and traces of more soluble compounds. At this point, how- 
ever, the weight of sodium chloride precipitated already amounts to more than 
twice the weight of calcium sulphate precipitated. The total volume of sodium 
chloride precipitated by complete evaporation of sea water is about 30 times as 
great as the total volume of calcium sulphate calculated as anhydrite. 

Solubility of calcium sulphate—tThe solubility of anhydrite in water decreases 
as the temperature increases. Addition of sodium chloride up to about 6 per cent 
increases the solubility of calcium sulphate in either form at 30°C., but further 
addition of sodium chloride decreases the solubility of calcium sulphate. In sea 
water at 30°C., gypsum is less soluble than anhydrite until the volume has been 
reduced to about 20.8 per cent of the original volume, but thereafter anhydrite is 
the less soluble form, and further evaporation yields anhydrite (Posnjak, 1940, 
pp. 564-65). At 42°C. only anhydrite is precipitated at any concentration 
(Posnjak, 1938, p. 268). 


INFERRED DEPOSITIONAL PROCESS 


That the anhydrite comprising most of the Castile formation is a chemical] 
precipitate rather than a detrital deposit is a generally accepted belief, but the 
probable process of deposition has not been fully discussed. 

Source of material—The shallow-water foreland-facies deposits of Guadalupe 
age, which were exposed to subaerial erosion after the withdrawal of the sea into 
the Delaware Basin, consist chiefly of detrital materials, dolomite, and gypsum. 
These beds probably were the source of the minor amount of clastic material 
contained in the deposits of the Castile formation, and of a comparable amount 
of chemically precipitated material. That any major portion of the Castile sedi- 
ments was derived from this source, however, seems unlikely. The ratio of clastic 
to precipitated sediments in the Castile formation is very small, whereas the 
reverse would be expected if the mode of transportation were predominantly 
terrestrial water or wind. Furthermore, the older strata do not show evidence of 
erosion extensive enough to account for the great mass of anhydrite that con- 
stitutes most of the Castile formation. It seems likely, therefore, that the chemical 
precipitates of the Castile were derived principally from evaporating marine 
waters, and that the clastic deposits and possibly a minor part of the chemical 
precipitates were introduced by terrestrial water or wind. 

Distribution of water density—Evaporation takes place only from the surface 
of a body of water. In that part of a body of water that lies above wave base and 
which is termed the surface layer, wave action mixes the water so that uniform 
density is maintained from top to bottom of the surface layer, although not 
necessarily throughout the horizontal extent of the layer. 
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In an isolated body of water the density of the surface layer increases as 
evaporation proceeds, but simultaneously the denser liquid tends to settle by 
gravity, so that vertical uniformity of density throughout the entire depth is 
approached if not quite attained. If evaporation from one part of the surface is 
more rapid, tending to produce a denser column of water beneath that part, such 
water also moves horizontally, displacing lighter less concentrated solution, so 
that horizontal uniformity of density is also approached. 

In Castile time the Delaware Basin, in which the Castile sediments were 
deposited, was not completely isolated, but was connected by a channel to the 


Fic. 1.—Profile through Delaware Basin indicating distribution of water density and 
direction of movement of water in Castile time. 


open sea on the southwest. New sea water could enter the basin to replace the 
water lost by evaporation. Movement of water from the sea to the basin was not 
only possible but necessary to maintain the hydrostatic equilibrium between 
the two bodies of water. The normal sea water entering the basin was obviously 
less dense than the water already in the basin, which had been concentrated 
somewhat by evaporation; hence the new water tended to flow over the residual 
brine. As the new water was subjected to evaporation it became more dense, but 
as its density reached that of the underlying water the two mingled, so that 
throughout the basin the new water remained on top of the residual brine until 
the new water had been concentrated to a density equal to that of the brine. 

Only at the entrance of the basin was the new water normal sea water. As it 
flowed toward the farther edges of the basin it became a progressively more con- 
centrated solution of various salts, its density continually increasing. Inasmuch 
as the underlying brine was, in effect, an isolated body, presumably its density 
was virtually uniform throughout. Only at the innermost shores of the basin, 
therefore, would the water of the surface layer attain sufficient density to sink 
and mingle with the brine already present. Conversely, the maximum density 
attained by the surface layer would determine the density of the underlying 
brine. 

In summary, the Delaware Basin probably contained, during Castile time, a 
body of brine of approximately uniform density, and an overlying surface layer 
that was less dense than the brine and that increased in density with distance 
from the entrance. 

Theory of reflux—The volume ratio of halite to anhydrite in the Castile 
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formation as a whole is less than 1:1 (Adams, 1944, p. 1620) as compared with a 
volume ratio of sodium chloride to calcium sulphate in sea water of about 30:1. 
The volume of water that must have been evaporated to yield the volume of 
anhydrite contained in the Castile sediments was approximately 2,500 times the 
volume of the basin itself, as is discussed subsequently. Either incomplete evapo- 
ration of a single body of water or deposition and subsequent removal of the halite 
in a single volume of water is therefore an inadequate explanation of the scarcity 
of halite. It is necessary to account either for non-deposition of halite during a 
protracted period of continuous evaporation and replenishment or for subsequent 
removal of halite deposited with the anhydrite. 

Although locally some halite and some anhydrite were removed from the top 
of the formation by the pre-Salado erosion, the perfect preservation of the deli- 
cate laminae in the anhydrite refutes the suggestion that halite was interbedded 
with the anhydrite but was subsequently removed. 

The alternative to be followed may be stated in another way. It is necessary 
to account for cessation of evaporation when the surface layer of water reached 
the concentration at which halite precipitates, that is, when the specific gravity 
is about 1.21. Inasmuch as evaporation takes place only from the surface layer 
and inasmuch as the surface layer does not sink until its density equals that of 
the underlying brine, it follows that the specific gravity of the brine must not 
exceed 1.21 if deposition of halite is to be avoided. A specific gravity of 1.21 would 
have been exceeded early in Castile time, however, unless the dense brine could 
escape from the basin (Adams, 1944, p. 1620). Escape of the brine by percolation 
into the substrata would require permeable substrata and an outlet at lower 
altitude, that is, far below sea level. It seems more likely that the brine returned 
to the sea either by overflowing the barrier or by percolation through it. This 
theory is offered here as a modification of Ochsenius’ bar theory and is termed the 
theory of reflux.® 

The barrier.—If the theory set forth is correct, the Delaware Basin was con- 
nected to the sea by a channel through which new sea water entered the basin to 
replace the water lost by evaporation and by reflux and through which the reflux 
returned to the sea. In view of the small amount of clastic material deposited 
thereby, the volume of terrestrial water can be disregarded, and the volume of 
sea water entering the basin can be regarded as equal to the volume evaporated 
plus the volume that returned to the sea as reflux. The previously cited critical 
specific gravity of 1.21 is attained when about go per cent of sea water is evapo- 
rated. It follows that the reflux would have been about ro per cent of the water 
that entered the basin. The ratio of the mass velocities of the entering sea water 
and the departing brine would then be 10:1. 

The new water entered the basin as the surface layer, which extended down 

3 Adams had the opportunity of examining the first draft of this paper before he published and 


he courteously refrained from using more of the material than was necessary, and from stating the 
theory, lest he divert any credit to himself. This accounts for the similarity of treatment in the two 


papers. 


“i 
| 
a 


SEDIMENTATION IN PERMIAN CASTILE SEA 475 


to wave base, whereas the reflux was heavy brine of the underlying layer. If the 
linear velocity of the influx and reflux were equal the ratio of the cross-section 
area of the channel above wave base to that below wave base would likewise be 
10:1. Depth to wave base is a fluctuating factor and its average value in Castile 
time is unknown, so the absolute height of the barrier cannot be determined. 

Alternatively, if the barrier consisted of loose sand the reflux could pass out 
of the basin by percolation through the barrier. Such a permeable sand bar would 
not prevent reflux even though it extended up to wave base. Presumably it could 
not long persist above wave base. 

Rate of evaporation.—The laminae in the anhydrite range from 0.2 mm. to 7.0 
mm. in thickness and average 1.63 mm. in Gresham and McAlpine’s core test 
hole Flood No. 1 in Culberson County, Texas (Udden, 1924, p. 353). On the 
reasonable assumption that the laminae represent annual layers or “‘varves,” 
and on the basis of the average thickness of the laminae studied and the known 
thickness of the laminated anhydrite in this hole, Udden calculated the duration 
of Castile time as 306,000 years. 

The area of the Delaware Basin is estimated as 10,000 square miles. The 
average thickness of the anhydrite in the Castile formation is 1,250 feet. The 
volume of anhydrite is calculated therefrom as roughly 350X10™ cubic feet. A 
factor of 10.9 cubic feet per ton is used to convert this figure to 32.5 X10" tons. 
Assuming that evaporation of sea water to about 10 per cent of its original volume 
yields 0.113 per cent anhydrite, deposition of the Castile anhydrite would have 
required evaporation of 28.75 X10" tons of sea water, equivalent to 928.5 X10"® 
cubic feet before evaporation. Inasmuch as the area of the basin is only 283 X 10° 
square feet, this volume of water would have filled the basin to a depth of 
3,280,000 feet if it had all been present at one time. The evaporation of this 
volume of water to 11.2 per cent of its original volume would have yielded about 
the amount of halite present in the Castile formation, so it is unnecessary to make 
any additional allowance for halite. (Elsewhere the figure 10 per cent has been 
used for simplicity.) 

It is assumed that 11.2 per cent of the 3,280,000 feet of sea water, or 370,000 
feet, returned to the sea as reflux, and that 2,910,000 feet evaporated. Dividing 
this last figure by Udden’s figure of 306,000 years for the duration of Castile 
time gives an average net rate of evaporation for the entire basin of 9} feet, or 
114 inches, a year. 

It may be suggested that a direct calculation of the amount of evaporation 
required to deposit an average annual thickness of 1.63 mm. (Udden’s figure) of 
anhydrite should give the desired result. Such a computation, however, would not 
take into account such factors as the difference in concentration of the water of 
the surface layer at different points in the basin, difference in rate of evaporation 
at different points, the presence of nonlaminated anhydrite, and the effect of 
currents in the basin. If the “‘varves”’ are pictured as wedges or lenses the weak- 
ness of the method becomes obvious. 
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Original composition of calcium sulphate sediments.—According to the theories 
herein presented, at the beginning of Castile time the Delaware Basin contained 
normal sea water, but as evaporation proceeded while circulation was restricted 
by the barrier the salinity increased, and the more concentrated solution ponded 
behind the barrier. Soon the concentration throughout the basin reached the 
point of saturation with respect to calcium carbonate, and the thin basal cal- 
careous layer of the Castile formation was deposited. Subsequently the concentra- 
tion reached the point of saturation for calcium sulphate, and that substance was 
thereafter precipitated along with the additional calcium carbonate that con- 
tinually entered the basin in the new sea water. 

If the temperature exceeded 42°C. (107.6°F.) all the calcium sulphate was 
precipitated as anhydrite (Posnjak, 1938, p. 268). Such a temperature seems ex- 
cessive, although not impossible. If the temperature was 30°C. (86°F.) the 
calcium sulphate was deposited as gypsum until the concentration of the brine 
was about 4.8 times that of normal sea water and the specific gravity was about 
1.11 (Clarke, 1924, p. 220); thereafter it was precipitated as anhydrite (Posnjak, 
1940, p. 565). This concentration would have been attained in slightly more than 
one one-thousandth of Castile time. In either case, virtually all the calcium 
sulphate was deposited as anhydrite if, as herein suggested, the concentration of 
the brine was maintained throughout Castile time at or near that at which sodium 
chloride begins to precipitate. 

Any theory that attempts to show that the major part of the calcium sulphate 
was originally deposited as gypsum rather than anhydrite should include support- 
ing evidence of a cause of dehydration, of a path for the water in leaving the 
formation, and of an ultimate destination for the water. 

Locally and temporarily the concentration reached the point of saturation for 
sodium chloride, and halite was deposited. Such periods were relatively brief and 
may have resulted from temporary raising of the barrier, which would reduce the 
rate of reflux, or from temporary or local increase in the rate of evaporation. 

The comparison of the laminae that characterize most of the anhydrite of the 
Castile formation with those of varved clay deposits has been interpreted as 
implying an alternation of periods of deposition and periods of non-deposition 
similar to that producing the varve markings in clay. That-may be the correct 
explanation, but another possibility should be considered. It must be borne in 
mind that we are not dealing with isothermal evaporation. The temperature of 
the surface layer of water in the basin responded to seasonal changes in atmo- 
spheric temperature, and the solubility ratio of the calcium sulphate and calcium 
carbonate likewise varied. The temperature of the underlying brine may have 
remained virtually constant, but the brine was already saturated with respect to 
both compounds, so that particles of either substance settling through the brine 
were unaffected by it. 

SUMMARY 


It is suggested that in a basin such as the Delaware Basin, enclosed on all 
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sides but connected to the open sea by a restricted channel, the water becomes 
differentiated into an underlying concentrated brine of uniform density, which 
lies below wave base and is ponded behind the barrier, and a surface layer of 
somewhat less average density, the water of this layer being normal sea water 
near the entrance of the basin. In Castile time a portion of the underlying brine 
flowed continuously from the Delaware Basin to the open sea as reflux, and new 
sea water entered the basin continuously to offset the loss by reflux and evapora- 
tion. The more soluble salts remained in solution and passed out of the basin in 
the reflux. The less soluble salts were precipitated. 

The Castile formation consists principally of anhydrite. The scarcity of clastic 
material indicates a scarcity of terrestrial water, which is consistent with the 
computed rate of evaporation of 114 inches a year throughout Castile time. Hence 
only a small portion of the precipitated sediments can be attributed to a ter- 
restrial source. The preponderance of anhydrite indicates that the ratio of influx 
to reflux was about 10:1, as a ratio of, say, 12:1 would have resulted in deposition 
of more halite than anhydrite. 

If the barrier at the entrance to the basin had been continuously maintained 
at wave base and if it had been impermeable there would have been no reflux of 
the underlying brine as such, so it is suggested that the top of the barrier lay 
somewhat below average wave base or else that the barrier was permeable. 

If, in accordance with the theories just stated, the salinity of the Castile sea 
within the Delaware Basin was near the point of saturation with respect to so- 
dium chloride throughout Castile time, the calcium sulphate was deposited as 
anhydrite rather than gypsum. 

It is suggested that the characteristic lamination of the anhydrite of the Cas- 

_tile formation may be ascribed to seasonal variations in temperature and ac- 
companying variations in relative solubility of anhydrite and calcite, rather than 
to cyclical interruptions in deposition. 

The theory of reflux is essentially a modification of Ochsenius’ bar theory 
designed to explain the deposition of the Castile sediments and other similar de- 
posits. 
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L. E. NUGENT, JR.? 
Fort Worth, Texas 


ABSTRACT 


Factors that control the use of aerial photographs in structural mapping are discussed; the an- 
ticipated horizontal and vertical photogrammetric precision is indicated; and geomorphic and struc- 
tural relationships are correlated with photogrammetric procedures that most economically produce 
structural maps of various tolerances. 


The usefulness of aerial photographs in geologic field work has been recog- 
nized for many years. Lee’s study (1922), ‘““The Face of the Earth as Seen from 
the Air,” was the first of geologic and geographic significance. Since then, geologic 
literature has contained several papers and books devoted largely to photographic 
interpretation ; among the more comprehensive are those of Loel (1938), Eardley 
(1941), Smith (1943), and Levings (1944). In these the applications of aerial 
photographs to geologic problems were considered, the use and methods of in- 
terpretation discussed, and the numerous advantages pointed out. In addition to 
these treatises, there are many more or less casual references to the use of aerial 
photographs; the bibliography compiled by Cobb (1943) contains the results of 
a thorough search of foreign as well as domestic literature. é 

Photogrammetric processes received increased attention after World War I 
and since the 1930’s have been under lively discussion, a fact in part responsible 
for the improvement of photogrammetric equipment and techniques. The books 
of Talley (1938) and Bagley (1941), the manual by McCurdy (1940), and War 
Department Technical Manuals 5-230-Topographic Drafting and 5—240~—Aerial 
Photography include the phases likely to be of importance to the geologist. 

In spite of this considerable related literature, relatively little has been pub- 
lished on the application of photogrammetric techniques to specific structural 
mapping problems. Eardley (1941, pp. 170-75), Smith (1943, pp. 201, 257-62), 
Desjardins (1943a), and Desjardins and Hower (1938) have discussed briefly the 
use of photographs as plane-table sheets, transfer of contacts from photographs 
to topographic maps, dip and strike calculations, and methods of structural con- 
touring from contacts and contours on aerial photographs. They have not, how- 
ever, considered adequately the theoretical limitations of photogrammetric proc- 
esses or the difficulties and inaccuracies that may result from inherent distortions 
present in all photographs. Moreover, these methods are neither readily applica- 
ble to, nor desirable for, many field relationships. 


1 Manuscript received, August 20, 1946. 
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FACTORS CONTROLLING APPLICATION 

In general, factors that control the various methods of application are: (1) 
character of photography, (2) accuracy required, (3) availability and reliability 
of ground control, (4) character of topography, (5) type of structure, (6) charac- 
ter of vegetal, soil and mantle cover, and (7) accessibility of area. 

Obviously, some of these factors will assume greater significance in certain 
areas than in others. For example, if the vegetal and soil cover should be that 
frequently found in the tropics—an unbroken tree canopy hiding a thick re- 
sidua] soil—photographs would be of little use except for evaluating accessibility 
unless the geomorphic development or vegetal-soil relationships were amenable 
to structural analysis. Moreover, it. is evident that a proper diagnosis of the 
photogrammetric methods applicable to the various geologic-photographic re- 
lationships is difficult, if the anticipated photogrammetric precision cannot be 
correlated with the desired geologic tolerance. 


PHOTOGRAMMETRIC PRECISION 

The precision attainable by any photogrammetric process is dependent largely 
on the quality of photography and the ground control available. Although poor 
definition, insufficient sidelap, clouds, et cetera bear materially on the quality of 
photography, distortion is ordinarily the critical factor in so far as horizontal and 
vertical photogrammetric control is concerned. An undistorted vertical photo- 
graph is, of course, a true perspective projection; unfortunately, a photograph 
without distortion has probably not yet been taken. This photographic distortion 
results from lens aberrations, differential expansion and contraction of negative 
and positive stocks, and tilt (deviation of the optical axis of the camera from 
vertical). 
_ The first two distortional elements are ordinarily not critical. Most lenses 
used in aerial photography are of high quality; bench tests readily indicate the 
amount of distortion as well as the resolving power. It is noteworthy, however, 
that distortion is usually greater in wide-angle short focal-length lenses than in 
the longer cones. Moreover, topographic film support, either acetate or nitrate, 
has excellent dimensional characteristics (Clark, 1944). Although considerable 
expansion and contraction take place with development and changes in hu- 
midity, these dimensional variations are nearly uniaxial (maximum biaxial varia- 
tion less than 0.08 per cent), which fact does not greatly affect photogrammetric 
procedure. 

Ordinary photographic papers, however, are unsatisfactory for either plani- 
metry or height finding because of the poor dimensional characteristics. Only 
waterproof or double-weight matte paper should be used, and for best results it 
should be air dried with controlled humidity. During the war it was found that 
even the best papers considerably hampered mapping because of the lack of 
humidity control in forward area laboratories. 

Tilt is usually the worst detriment. Although most contracts specify that a 
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high percentage of exposures must be within 3° of vertical, almost every exposure 
has some tilt and not infrequently a few may be considerably in excess of 3°. The 
error introduced by 3° tilt does not materially affect the accuracy of horizontal 
photogrammetric control except in areas of large elevation differentials. Uncor- 
rected 3° tilt can, however, cause discrepancies in vertical control of such magni- 
tude that the work is rendered worthless. For example, a 9Xg-inch print at 
I. 20,000 covers 15,000 feet in each direction: 3° tilt causes an error in elevation 
from one side to the other of almost 800 feet. 


HORIZONTAL PHOTOGRAMMETRIC CONTROL 


Since a photograph is a perspective projection rather than an orthographic 
projection and since there are numerous scale variables, some system of hori- 
zontal control must be used to eliminate the resultant inaccuracies. For the ge- 
ologist the simplest and best method of maintaining this control is the radial 
plot or, preferably, the slotted templet or radial intersector adaptation thereof. 
This method is described at length in all photogrammetric texts as well as in 
several texts devoted to photographic interpretation. It is a system of photo- 
graphic triangulation that, from a few ground-control points, permits establish- 
ment of a dense network of horizontal photographic control points which may be 
used as origins for compilation of planimetric detail. The system is based on the 
premise that the horizontal angles of a photograph are true when measured about 
the nadir point (point at which a vertical ray through the perspective center of 
the camera lens pierces the plane of the photograph). Although a radial plot does 
not correct absolutely the distortions discussed in the preceding paragraphs, it 
usually permits selection of severely tilted photographs and removes major scalar 
variations that result from changes in flight altitude, elevation of terrain, and 
topographic displacement, thus maintaining a near constant scale over a large 
photographic assemblage. 

Since a photograph shows the position of objects as projected through the 
lens, the removal of topographic or relief displacement is essential. It is evident 
from Figure 1 that relief is reflected on the photograph as radial displacement 
away from or toward the nadir point. Thus, point A, the nadir point, is always in 
its true geographic position, while point B, higher than the nadir point, is dis- 
placed away from it, and, conversely, point C toward it. The amount of displace- 
ment depends upon the flight altitude, focal length of the lens, and the distance 
from the nadir point. Since, however, lineal measurements are not made in the 
radial plot, if these points of varying elevation and displacement are established 
by resection from two or more nadir points, the points theoretically occupy their 
true geographic positions. 

In the foregoing discussion the effect of tilt has not been considered. While 
topographic displacement is radial from the nadir point, angular values are true 
from the isocenter in a tilted photograph. Figure 2 shows the relationship of the 
principal point, isocenter, and nadir point: the principal point is found by the 
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prolongation of the optical axis (principal ray), the nadir point by the plumb line, 
and the isocenter by the bisectrix of the two; all three points are coincident only 
in a true vertical. Unfortunately, the precise determination of the isocenter and 
nadir point not only requires extensive ground control but also onerous calcula- 
tions. Kowalczyk, Fish, and Dill (1944, pp. 363-65) have shown, however, that 
where there is no relief the error in the radial assumption from 3° tilt when the 
principal point is used rather than the nadir point can be only 0.00412 inch at 
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Fic. 1.—Topographic displacement. 


6 inches from the principal point; with a 2,000-foot elevation differential, flight 
altitude 10,000 feet, and focal length 8.25 inches, the combined error may be 
0.0906 inch. 

The directional error to be anticipated in establishing rays to the various 
points in the radial plot as well as with other methods of surveying has been 
summarized by Reading (1944, pp. 11-12). Although lens aberration and nega- 
tive and positive variables play an important part, he concludes that with care 
and good equipment the directional error may be as low as one minute of arc or 
0.0018 inch, at 6 inches from the nadir point, a discrepancy less than one-eighth 
ordinary graphic tolerance. 

While these theoretical considerations indicate that the radial plot is highly 
satisfactory, it remained for the excellent test assemblages of the Department of 
Agriculture to determine the practical accuracy that could be anticipated as well 
as the best methods of incorporating ground control. Kelsh (1940) describes the 
results of tests of Beltsville, Maryland, Carter and Murray counties, Oklahoma, 
and Bird arid Caney watersheds in Kansas and Oklahoma. The Beltsville test 
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included a rectangular area of 155 square miles with 273 ground control points 
and relief of about 200 feet. The area was covered by 233 9Xg-inch photographs 
at 1/12,000 and the slotted-templet adaptation of the radial plot was used. 
Seven assemblages, each incorporating different systems of ground control, were 
made with great care. With one control point in each corner of the assembly, 
extremely scant control, the average error of absolute position of all ground- 
control points was 43 feet and the maximum error 125 feet. With eight well 


Fic. 2.—Relationship of principal point, nadir point, and isocenter. 


distributed ground-control points, the entire assemblage was rigid and the aver- 
age error of all positions recovered dropped to 18 feet, the maximum error go feet. 
With additional ground control, the gain in accuracy was no longer commensurate 
with the added control. The Bird and Caney watersheds project was the largest 
tested; 2,700 templets were required to cover the 4,400 square miles. Ground con- 
trol was used only along the perimeter; the distance between control along flights 
averaged 93 miles with 108 templets and across flights 51 miles and 25 flights. Of 
the 192 ground-control points checked, the maximum error was 145 feet and the 
average 45 feet. Kelsh concludes that the slotted-templet method is satisfactory 
for ‘making a planimetric map of fair accuracy of any portion of the United 
States, using only the existing ground control” and for maps made from photo- 
graphs at 1/20,000, “the average error in feet should not exceed the average 
number of photographs between control, and the maximum error should not 
exceed three times the average error.” 
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VERTICAL PHOTOGRAMMETRIC CONTROL 


Unfortunately, vertical photogrammetric control is neither as simple, nor as 
reliable, as horizontal control. Although tilt and the other distortions are detri- 
mental to horizontal control, they are an anathema to accurate elevation determi- 
nations. Moreover, methods of correction are not only time-consuming and re- 
quire extensive ground control, but often the results are unwittingly inaccurate. 

The theory and technique of height finding are not difficult; excellent treat- 
ment is found in the various photogrammetry and photo interpretation texts. 
The parallax equation, the basis of simple elevation determination, is ordinarily 
written Ap=(AhB,,/H —h):Ap=the parallactic differential; Ak=the height of 


Fic. 3.—Relationship of parallax differentials and elevation variables as determined in 
parallax equation. 


the object measured; h=elevation above sea-level; B,,=the stereoscopic base 
(air base) in millimeters; and H=the flight altitude (Fig. 3). Obviously, the 
equation is not a linear function; with a stereoscopic base of roo millimeters and 
flight altitude of 10,000 feet, an elevation differential of 100 feet produces 1.005 
millimeters parallax, while at 20,000 feet only 0.501 mm. Thus since parallactic 
differentials can be read with ease to 0.05 mm., elevations can be determined to 
+5 feet at 10,000 feet and to +10 feet at 20,000 feet, the usual altitude range of 
commercial photography. 

This precision, however, is possible only if all effects of distortion that result 
from tilt, differential positive and negative expansion and contraction, lens aber- 
ration, and variation in flight altitude have been removed. Construction of a 
datum plane correction graph (Nowicki, pp. 470-76) is the simplest method of 
removal. Unfortunately, as shown by Figures 4 and 5 from Nowicki’s paper, ac- 
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.—Datum-plane correction graph based on nine ground elevations. (After Nowicki, Manual of 


Photogrammetry, p. 472; permission granted by American Society of Photogrammetry.) 
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cumulative distortion is by no means regular enough that three spot elevations 
suffice for determination of strike and gradient; at least eight symmetrically 
spaced elevations are required in the area on which stereopsis obtains. Even then, 
referring again to Figures 4 and 5, there may be considerable residual distortion. 
In Figure 5, twelve additional control points have been introduced; these reveal 
a discrepancy of approximately o.8 mm. in the center, an error of more than 150 
feet if the flight were 20,000 above terrane. 

Obviously, the large amount of vertical control required presents a consider- 
able problem. When a reconnaissance survey has been made or the area mapped 
topographically, bench-marks may be transferred to the photographs; advance 
sheets should be used when possible because they ordinarily carry more secondary 
control. In spite of the fact that a stereopair from 9Xg-inch prints at 1/20,000 
covers about 5 square miles, eight bench marks are rarely available. The writer 
has found through field checks, however, that control may be supplemented by 
elevation estimates along streams. Although the resultant error depends largely 
on the accuracy of the map, ordinarily these assumed elevations are within the 
tolerance of a 50-foot contour interval. 

In regions that have not been mapped the only recourse (Desjardins, 1943b, 
Nugent, 1945) lies in an analysis of the geomorphic elements, particularly streams, 
and in an assumption of a stream gradient. While recourse to such practice is 
only an expedient at best, experience in the past war, during which it was neces- 
sary to map many islands with sea-level as the only control, has shown that such 
methods permit a fairly reliable regional presentation. 

Thus, the photogrammetric precision possible in the extension of horizontal 
control is easily within the limits required for all excepting the most precise type 
of structural mapping. The accuracy of vertical control, however, depends on the 
amount of ground control available or on the judgment and ability of the ge- 
ologist. 

SCALE OF PHOTOGRAPHY 

The optimum photographic scale, like each mapping problem, is unique in 
itself; obviously resistant formations outcropping in a semi-arid region can easily 
be traced on small-scale photographs, while weak members in a humid region 
may not be discernible on large-scale photographs. In a recent paper Melton 
(1945, pp. 1764-65) has concluded that photography suitable for topographic 
mapping is commonly unsuitable for geologic interpretation because a scale of 
1/20,000, a common mapping scale, does not afford sufficient detail. He recom- 
mends 1/8,000 as generally adequate. While it is true that large scales may be 
desirable for igneous and metamorphic areas, these scales should be avoided for 
structural mapping of sediments unless absolutely necessary because of the enor- 
mous increase in photogrammetric labor. First, if outcrops and bedding are so 
inconspicuous that they are not discernible at medium scales (1/15,000—1/40,000), 
the value of structural mapping by photogrammetric methods is questionable 
from the geologic viewpoint. Second, since a print at 1/8,000 covers only 1/16 
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a Fic. 5.—Datum-plane correction graph for same stereopair with 12 ground elevations. (After Nowicki 
zt Manual of Photogrammetry, p. 473; permission granted by American Society of Photogrammetry.) 
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the area of a print at 1/32,000, the increased work and cost may assume pro- 
hibitive proportions photogrammetrically. Third, the density of vertical ground 
control required increases geometrically. 

Medium-scale photographs have been found satisfactory for most structural 
mapping and field checks in which geologic-photographic relations were amenable 
to such techniques; the writer has mapped topographically considerable area from 
vertical prints at scales of 1/70,000 that would have been adequate for structural 
mapping of an area of bold outcrops; the largest commercial geologic project 
utilized 1/40,000 almost exclusively; 1/31,680 has proved excellent for regions of 
good outcrops. 

ORDER OF PHOTOGRAMMETRIC PROCEDURE 


Although it is not the province of this paper to undertake a discussion of 
photographic interpretation, the logical order of interpretative and photogram- 
metric treatment is worthy of note. While one or more of the steps may be 
omitted with certain methods, such omissions merely remove the step from the 
total procedure rather than change the order. 

Before any photogrammetric process is undertaken the prints should be ex- 
amined stereoscopically by a geologist skilled in photographic interpretation, and 
preferably familiar with the region, to determine whether the lithologic and 
vegetal character permits structural mapping by photogrammetric means. In 
some instances this fact may be ascertained by a cursory examination, in others 
it may be necessary to delineate outcrops after the section has been checked in the 
field. Where the geologic-photographic relationships are satisfactory, a relation- 
ship not present in 50 per cent of the cases, the prints may be prepared for a 
radial plot or key beds completely delineated. If the geologist participates in the 
radial plot, it is perhaps better to establish horizontal control first, thereby per- 
mitting greater familiarization with the area. After horizontal control has been 
established and planimetry and outcrops compiled on the master sheet,* vertical 
control for the structural and topographic analysis is obtained, a critical pro- 
cedure that varies with the several methods of mapping. Lastly, the structural 
map is constructed on the controlled overlay from spot elevations on the contacts 
or from intersection of contours and contacts. 


METHODS OF STRUCTURAL MAPPING 


Mapped areas of low relief and low dips —When the map is considered reliable, 
the scale adequate, and the structure is to be mapped on a 50-foot, or larger, 
interval, little is gained by establishment of either horizontal or vertical photo- 
grammetric control; since areas of low relief are usually mapped with a contour 
interval of 20 feet or less, the refinement possible photogrammetrically, if any, is 
negligible. Moreover, the tolerance of a 20-foot contour is proportionately less 


3 If a controlled mosaic at a usable scale is available and if the definition of planimetry and out- 
crops is satisfactory, the mosaic may be used as a base, thereby eliminating establishment of hori- 
zontal control photogrammetrically and compilation of planimetry. 
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than that of a 50- or 1oo-foot structural contour. The method, therefore, that 
requires the least effort entails delineation of outcrops and transfer to the map, 
a procedure that involves a perspective projection and one which approaches an 
orthographic projection for small areas. The transfer may be-made in a number 
of ways: if no change in scale is required, a light table will serve; when reduction 
or enlargement is necessary, any camera lucida that possesses the range may be 
used; a photographic or pantographic system may be adopted; or, if the detail 
of the photograph is easily identified on the map, the transfer may be made by 
sketching. 

Since the outcrop of several formations must ordinarily be delineated to map 
any considerable area of low relief, the vertical intervals between formations are 
required before the structural map can be referred to a single datum. Although’ 
the most accurate map will result from measurement of sections in the field, 
intervals may be determined by extrapolating dips of successive formations in 
any area of relatively constant dip; difficulties presented by unconformities are 
obvious. After transfer and determination of intervals the structural contours are 
constructed in the usual manner. 

When the scale of the topographic map is inadequate, it is necessary to have 
the base enlarged or to lay a radial plot to the expanded horizontal map control 
and compile the outcrops and essential planimetry. In the latter case, since the 
relief is not great, time-consuming height finding may be avoided by transferring 
spot elevations and roughing in the contour lines. When desirable, contours may 
be drawn with refinement by incorporating the detail of the spatial model pro- 
vided by the photographs. Formational intervals and the structural map are 
handled as previously indicated. 

Mapped areas of considerable relief and low dips.—While it is commonly possi- 
ble to recognize contacts on topographic maps, there is no question that contacts 
can be more easily and positively identified on aerial photographs, as well as 
more accurately located. Although structural contours may be constructed from 
transfer of contacts to the map, obviously the tolerance demanded of a 50-foot 
or 100-foot structural contour can not be maintained where slopes are steep and 
valleys deep except where the topography is such that outcrop elevations ¢an be 
accurately estimated by incorporating the detail of the spatial model with that 
of the map. In this case structural mapping parallels that of the preceding section. 

Where this is impossible the planimetry is compiled and the formations chosen 
for structural control are delineated and compiled after the radial plot has been 
laid to the expanded map control. In easily accessible areas the greatest saving 
in time and most reliable map will result from choosing key outcrops and critical 
points in the office and securing altimeter elevations on these points. It has been 
established that photogrammetric horizontal control is satisfactory for most ge- 
ologic maps; therefore, the precision of the structural map is dependent upon the 
accuracy of the altimeter elevations. These determinations should be well within 
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the limits permitted by a 50-foot or 100-foot structural contour. Kissam’s report 
(1945) on precision altimetry stated that of 100 stations checked over an area 
20 miles square the average error was 1.76 feet and the maximum 6.7 feet with 
the two-base methods, and the average 2.08 feet and the maximum 11.6 feet with 
the single-base method. Since precision of this order is not required for most 
structural mapping, some of the refinements introduced in the foregoing tests 
may be eliminated. 

Again, it is preferable to determine intervals between formations used for 
structural control from measured sections. If, however, this should be impractica- 
ble, intervals can usually be established by stereocomparator (height finder) in 
deep valleys where the formations may outcrop in close proximity. If such favor- 
able sites are unavailable, dips may be extrapolated. , 

Although maximum accuracy and minimum photogrammetric procedure re- 
sult from elevation determinations on the outcrop, much strenuous field work 
can be eliminated by taking elevations only along streams in a rugged region 
where movement is difficult. These elevations should be taken at easily recognized 
confluences, bends, ef cetera, and should be as near good outcrops as possible. 
Moreover, since a datum-plane correction graph must be constructed, at least 8, 
and preferably more, well spaced elevations must be taken per stereopair. A 
stereocomparator is used for construction of the datum-plane correction graph 
and for determination of elevations on the outcrop. With this system two ad- 
ditional factors are introduced that may produce errors: (1) the inaccuracies, 
previously discussed, attendant with determination of parallactic values, and (2) 
the error that results from residual distortion. Since, however, the best outcrops 
are usually found in valleys and because of the proximity of elevations, this 
method ordinarily yields good results. Obviously, if elevations cannot be easily 
established along streams, determinations may be made anywhere so long as the 
distribution is satisfactory for the construction of a reliable datum-plane correc- 
tion graph. 

Sometimes, because of inaccessibility or inconvenience, it may be necessary 
to extend a structural map or map an area without a ground check. Under these 
circumstances the radial plot, outcrop delineation, and compilation are effected 
as previously. Bench marks are transferred to the photographs and, where ade- 
quate, a correction graph is constructed and outcrop elevations calculated. Where 
the benches are inadequate, however, spot elevations are assumed on the map 
and transferred to the prints. Obviously, an estimate is more accurate along a 
stream than elsewhere; moreover, elevations should be picked as near good out- 
crops as possible, another reason for using the drainage system. While this method 
is a practical expedient, in addition to errors introduced by the limitations of 
parallactic determinations and parallactic variations from residual distortion, 
errors that result from misplaced contour lines and faulty interpolations must be 
considered. Although it is difficult to weigh these variables, ordinarily the larger 
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errors result from contour inaccuracies and residual distortion. Intervals may be 
calculated photogrammetrically and the map constructed from elevations de- 
termined on the outcrop. 

A very rugged, relatively inaccessible area that had been mapped by the 
United States Geological Survey by plane table in the 1930’s was chosen for a 
test of this method. About 20 square miles were mapped in which more than half 
of the elevation control was assumed. Of the elevations recovered by altimeter, 
approximately three-fourths were within the limits permitted by a 50-foot struc- 
tural contour. It is very doubtful that this precision could be maintained where 
the drainage system is poorly developed. 

Mapped areas of high dips——When the scale and contour interval are ade- 
quate and the geologic photographic relationships satisfactory, photogrammetric 
procedure is simplified and field work minimized. Formations used for structural 
control are carefully delineated and transferred to the map. In areas of consider- 
able relief and comparatively low dips it may be possible to calculate dips and 
strikes photogrammetrically by determinations of elevations on the outcrop, 
usually after construction of a datum-plane correction graph. In areas of bold 
geomorphic development determinations may be made on dip slopes, a procedure 
described by Desjardins (1943a) which entails calculation of two or three spot 
elevations and their horizontal positions. Although dips determined by the fore- 
going methods are usually not as accurate as by those described previously, the 
structural contours constructed from these determinations and their projections 
in conjunction with careful stereoscopic study will satisfactorily portray the axes 
and configuration of the structural elements. 

Structural mapping of fair accuracy is also possible when dips can not be de- 
termined photogrammetrically. In this method dips are calculated from the trig- 
onometric relationship of outcrop width and terrain variation after formational 
thicknesses have been determined, preferably from measured sections. A graphic 
solution is usually simplest, especially when an average is sought from several 
dip determinations. 

When the scale of the topographic map is unsatisfactory, a radial plot is laid 
to the expanded map control and the formations are compiled directly. If vertical 
control is adequate, mapping may proceed as previously indicated. If not, control 
must be augmented photogrammetrically or from field observations. 

Accessible areas in which neither horizontal nor vertical control is available.— 
Under these conditions structural mapping with aerial photographs is relatively 
simple. After preliminary evaluations have been made, the horizontal control 
program is planned. When the area to be mapped is relatively small, a loose tri- 
angulation net will suffice. When this is unfeasible or the area extensive, hori- 
zontal control may be obtained by prismatic astrolabe or similar instrument. 
These control stations are incorporated in the routine radial plot. After compila- 
tion of planimetry and outcrops, vertical control may be obtained by altimeter if 
the contour interval is to be 50 feet or more. Again these elevations may be on 
the outcrop or they may be spaced for construction of a datum-plane correction 
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graph. Intervals are preferably determined from measured sections. Where dips 
are high, the techniques discussed in the preceding section may be used. The 
accuracy of the map may be estimated from the density and precision of the 
horizontal and vertical ground control. Obviously, it is unnecessary to construct 
a topographic map. 

Non-accessible areas in which neither horizontal nor vertical control is available. 
—When such an area is amenable to structural mapping photogrammetrically, 
with favorable topographic development it is possible to derive a satisfactory 
regional map. Although an estimate of tolerances is difficult, the map will usually 
be superior to a reconnaissance survey and may incorporate as much detail as 
the geologic-photographic relationships permit. 

Approximate horizontal control is established by an uncontrolled radial plot. 
Although scalar variations are undetectable, if tilt is not excessive and the flight 
altitude constant, the variations that result from topographic displacement and 
terrain elevation will be largely removed. Waterways furnish the best check pos- 
sible; sea, level or large lakes are ideal. For example, if the area mapped is bounded 
by two major streams, the elevation of which may be considered similar from 
geomorphic and geographic relationships, if the radial plot control points at both 
streams exhibit similar scalar variations from the photographic points, and if the 
flight altitude is constant, the scale of the entire assemblage may be assumed 
relatively constant. 

Tilt is usually the major problem in elevation determinations. Since no verti- 
cal control is available, the geologist must again appeal to geomorphic evidence. 
After a thorough analysis, especially as concerns stream development and profiles, 
the gradient of the major rivers and tributaries must be estimated and spot 
elevations assumed at important confluences and critical points. Obviously the 
accuracy of the estimates is dependent upon the geomorphic development; tra- 
versal by mature or old streams enables close estimates while that by youthful 
streams presents many difficulties. (The absolute radio altimeters of low-flying 
aircraft may be helpful in approximating the elevation of various terrane fea- 
tures.) The datum-plane correction graph, outcrop elevations, formation intervals 
and the structural map are calculated and constructed as before. Again, time- 
consuming topographic mapping is eliminated. 

While the writer has not used this system of control in structural mapping, 
he has participated in its satisfactory use in mapping topographically several 
thousands of square miles in the South Pacific. The smallest photographic scale 
that permits delineation of outcrops is best for such mapping because each print 
covers more area and, concomitantly, includes more streams (Nugent, 1945, p. 
164). 

Areas in which structural contour interval must be 25 feet or less.— Because of 
the errors inherent in the determination of elevations by photogrammetric or 
altimetric methods, the foregoing applications are ordinarily unsatisfactory for 
structural mapping when the tolerance is so small; although precise plotting in- 
struments are utilized in topographic mapping at these intervals, the geologist 
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usually has neither the instrument nor the skill required for operation. Moreover, 
these small intervals usually require relatively low altitude photography with the 
concomitant geometric increase in the number of spatial models and ground con- 
trol necessary unless abnormally short focal lengths are used, 

Although reversion to plane-table methods is necessary, aerial photographs 
still facilitate structural mapping appreciably. In addition to the advantages ob- 
tained from stereoscopic regional study, accessibility evaluation, and outcrop 
delineation, the photographs may be used in direct conjunction with instrument 
work (Eardley, 1941, pp. 170-75; Smith, 1943, pp. 201, 257-63). Although en- 
larged prints have been used as plane-table sheets, little is gained unless the area 
has very little relief or the print has been ratio-enlarged to radial plot control 
because topographic displacement is radial only from the nadir point. In fact, 
the descrepant angles that result from occupying a station other than the nadir 
point in rugged terrane or from excessive tilt may prove highly detrimental. The 
better, and unusually accurate, method involves the use of a planimetric base 
map as a plane-table sheet. This base is controlled by radial plot and contains 
outcrops, roads, trails, and fences, as well as all landmarks that might aid the 
instrumentman. Thus, most plane-table traversing is eliminated and elevations 
may be quickly determined after critical outcrops have been chosen by stereo- 
scopic examination.‘ In either case construction of the structural map follows the 
usual pattern. 

Oblique aerial photographs.—Although oblique photographs may be of limited 
use in structural mapping by photogrammetric methods, obliques should or- 
dinarily be used only in the reconnaissance sense because the photogrammetric 
precision is much less than with verticals. In recent years obliques have found 
widespread use in planimetric mapping at reconnaissance scales because of the 
area covered by each print and because the specifications for such flying are 
usually less rigorous than for vertical mapping. These advantages, however, do 
not obtain from the geologist’s viewpoint: the small scale of such photography is 
usually undesirable for complete geologic evaluation; construction of a map that 
approaches the order of accuracy possible by plane-table methods requires me- 
dium-scale vertical photography and careful flying. Moreover, oblique mapping 


usually requires more equipment and the photogrammetric procedure is more 


involved. 

Although obliques may be taken at any angle, ordinarily high obliques (those 
that include the horizon) are used. Obviously, the scale must change rapidly; 
with the trimetrogon system the scale of the oblique photographs is approxi- 
mately half as much at the center of the photograph as at the lower edge. Further, 
when such photography is used in regions of considerable relief, dead areas (la- 
cunae) occur frequently from topographic defilade. 

Oblique photography was first used extensively by the Canadian Government 


‘ In very rugged terrane where plane-table triangulation is necessary, a photograph or mosaic may 
be used for orientation, after which vertical angles may be determined instrumentally and distances 
photogrammetrically. 
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in mapping areas of small relief at a scale of 1 inch=4 miles. This “Canadian 
system” involves rectification of each oblique by means of perspective grids and 
establishment of azimuth lines (Canada Topog. Survey Bull. 62). The chief use 
geologically of such photography is largely in regional studies, planning, and 
delineation of outcrops in the foreground. Where structural mapping is required, 
horizontal control is obtained from superposition of the outcrops on the base de- 
rived by rectification of the photographs and vertical control by altimeter eleva- 
tions on the outcrop. : 

The trimetrogon system of mapping developed by the United States Geologi- 
cal Survey and the United States Army Air Forces is similar in theory to the 
Canadian system excepting that horizon-to-horizon coverage is obtained by oper- 
ation of one vertical and two oblique cameras simultaneously (United States 
Army Air Forces). Because of the area covered per run and the ease of photo- 
grammetric development, trimetrogon mapping is the most rapid of the recon- 
naissance type. The ultimate scales, however, are usually of the same order as 
with the Canadian system and the use geologically is similar. If difficulty is 
experienced in the use of trimetrogon obliques, a method of restitution has been 
developed that gives fair definition out to the centers of the prints as well as 
considerable enlargement. 

Other methods of high oblique photography provide photographs with char- 
acteristics similar to those of the trimetrogon system. The use of low obliques 
(those that do not include the horizon) is also similar, except that more ground 
control is required. 

Although elevations are not determined photogrammetrically in the preceding 
oblique systems, they may be calculated under certain conditions mathematically 
by iconography, or by multiplex. These operations, however, fall within the 
photogrammetrist’s province; moreover, the results are frequently of less pre- 
cision than those required for most structural mapping. While horizontal control 
may be bridged satisfactorily for considerable distances, tilt and other variables 
' can introduce critical scalar and azimuth discrepancies that are undetectable un- 
less there is a relatively dense network of fixes. 


CONCLUSIONS 


There is no question that the proper use of aerial photographs where the 
geologic-photographic relationships are favorable can produce structural maps of 
satisfactory precision more rapidly and economically than any other method. Al- 
though the disparities of structural and topographic mapping are well recognized, 
the similarity of field routine and physical conditions lends significance to engi- 
neering data. In the Tennessee Valley project an analysis of accuracy and cost 
was maintained on six systems of topographic mapping; three used precise optical 
plotting instruments, and three plane-table methods with enlarged aerial photo- 
graphs or planimetric maps as plane-table sheets. Whitmore (1941) observes “‘as 
to the comparative costs of plane-table vs. plotting instrument techniques, it can 
be stated as a positive fact ... that ground survey plane-table costs for 40-foot 
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and 20-foot intervals could not begin to compare favorably with the cost of maps 
produced by the stereoscopic-plotting instruments, always assuming the same 
accuracy,” and suggests that in areas of little relief “the operator of the plotting 
instruments draw the complete manuscript map—planimetry, contours, drain- 
age”’ and leave for “the topographer who will handle the field inspection and 
completion the job of completing the contours” rather than increase costs by 
securing the low-altitude, large-scale coverage required for small contour inter- 
vals. Obviously, because of the liberal tolerance of most structural contour inter- 
vals, altimeter and stereocomparator elevations may be substituted for elevations 
determined by plane-table and precise stereoscopic plotting instruments, a fact 
that eliminates most of the onerous photogrammetric and field routine. The ease 
of horizontal control and compilation of planimetry provided by radial plot makes 
comparison with orthodox plane-table techniques difficult. 
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GEOLOGICAL NOTES 


SUBNORMAL RESERVOIR SATURATION, SOUTH MAYES 
FIELD, CHAMBERS COUNTY, TEXAS! 


O. L. BRACE? 
Houston, Texas 


Certain facts regarding exceptional reservoir conditions were brought to light 
by the drilling of the Cox and Hamon’s Mayes White No. 1, Chambers County, 
Texas. These are of such interest that a brief note describing them should be of 
value to men working with problems of this type. It is admitted that the theories 
accompanying this presentation of facts are controversial but they are advanced 
with the thought that broader consideration may lead to clarification. 

The South Mayes field is located in west-central Chambers County, in the 
north part of a sector of the coast where widespread faulting is a dominant struc- 
tural feature. Strike faults, dipping coastward with major throw, extend across 
Chambers County, from the northeast corner, southwestward into Galveston 
Bay, and these, combined with cross-faults, are an important structural factor in 
forming closure for numerous large oil and gas fields. It is in character with the 
structural environment, therefore, that accumulation at South Mayes should oc- 
cur in a series of fault blocks. Two gas wells were completed in one fault block in 
1944 and 1945 and the Humble Oil and Refining Company completed an oil well 
in a separate block on the southwest, in 1946. This last test, the Wallis No. 1, 
found gas in the first Frio sand at about 9,075 feet. The second sand, at 9,176 to 
_ 9,212 feet, was found to contain gas, oil, and water, with a 1o-foot oil column at 
9,192-9,202 feet. A third sand at 9,904~-9,929 feet contained gas and distillate. 
The well was completed as a high-ratio oil producer in the second sand. 

Information available after the completion of the Wallis No. 1 suggested the 
presence of an undeveloped fault block immediately east of this well. The Wallis 
No. 1 cut a go-foot fault in the section between the first Frio gas sand and the 
Wallis oil sand. The trend of this fault is probably slightly north of west and it is 
assumed that it dips east, although the data on which this assumption is founded 
are not entirely satisfactory. Based on structural factors furnished by drilling and 
by seismic study, an east-west fault is placed across the area, cutting the Frio at 
a point about 2,000 feet north of the Wallis No. 1 and trending eastward, south 
of the two gas wells already mentioned. This fault dips coastward with a displace- 
ment of about 250 feet. Since the general dip of the beds on this part of the Coast 
is south-southeast, the contours rising north within the L-shaped sector, formed 
by the go-foot Wallis fault and the major east-west fault, create the undeveloped 
trap in question. 


1 Manuscript received, February 5, 1947. 
2 Consulting geologist. Data submitted with the approval of Cox and Hamon, Dallas, Texas. 
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In August, 1946, Cox and Hamon spudded their Mayes White No. 1 at a 
point 2,100 feet due east of the Humble-Wallis No. 1. The location was made near 
the south side of the indicated trap because of uncertainty about the exact po- 
sition of the main east-west fault. This test encountered the Frio at 9,150 feet, 
100 feet lower than the Wallis No. 1 and more or less in agreement with advance 
seismic determinations. The first Frio sand, which was entirely gas-bearing in the 
Wallis No. 1, was logged at 9,173-9,195 feet and was found to be oil-saturated 
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throughout. This sand section was composed of an upper 5-foot member and a 
lower 13-foot member, separated by a definite shale break. Three attempts were 
made to drill-stem test the upper 5 feet, but all of them failed. 

Core analyses of this sand section produced the following averaged data. For 
the upper 5 feet of sand: permeability 198 millidarcys; porosity 36.2 per cent; oil 
by pore space 7.7 per cent; water by pore space 50 per cent. For the lower 13 feet: 
permeability 500 millidarcys; porosity 32 per cent; oil by pore space g.7 per cent; 
water by pore space 52 per cent. 

As interpreted, the core analyses placed the sand in a doubtful category, with 
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a slight chance to make a well but with the probability that water percentages 
would be high. The electric log, however, largely nullified the favorable aspects 
of the core data. The electric record showed no resistivity on either third or 
fourth curves, except in the top 2 or 3 feet of the section where a weak resistivity 
was registered. There seemed to be clear evidence that almost the entire section 
was waterlogged and the possibility that the upper 3 feet would yield commercial 
oil was insufficient to justify a completion attempt. The test was drilled to 10,000 
feet and found water in all of the lower sands. 

The oil saturation in the first Frio sand led to the conclusion that the Mayes 
White No. 1 had penetrated the reservoir at the margin of a commercially pro- 
ductive area and that this area should have'a combined gas-oil column of ap- 
proximately 100 feet, as established between the Wallis No. 1 and the Mayes 
White No. 1. Since the beds should normally rise north within the trap and since 
the exact position of the main fault was still in question, the decision was reached 
to sidetrack the hole northward in an effort to reach the sand at a position that 
was appreciably above the water contact. 

During September, 1946, the Mayes White No. 1 was whipstocked at 4,892 
feet and was drilled out at an average angle of 10°. On the top of the Frio, the 
bottom of the side-track hole lay approximately 500 feet north and slightly west 
of the original hole. The side-track hole cut the first Frio sand at a corrected 
depth of 9,149-9,175 feet and logged 20 feet of gas sand, with no appreciable oil 
saturation. There was a slight vertical overlap of the sand in the two holes, the 
base of the gas sand in the side-track extending 2 feet into the oil column in the 
straight hole, indicating that about 20 feet of structural elevation had been 
gained by the sidetracking operation. 

A correlation of the electric logs of the two holes shows several shifts in struc- 
tural relationship through the side-track interval. For example, at 7,500 feet, an 
acceptable correlation places the side-track hole 30 feet high. The side-track hole 
consistently lost comparative structural elevation from this point down to a 
depth of 8,900 feet where it was 34 feet low. At 9,200 feet, it had regained most of 
this loss and was 20 feet high. These shifts between the two holes are to be ac- 
counted for by a thickening of section due to the angle of the side-track and by 
faulting. Two faults that cut both holes are readily recognized below 7,500 feet 
and several small faults may be postulated. 

The side-track hole cut a 30-foot faylt at 7,570 feet. The straight hole cut the 
same fault, with equal throw, at 7,700 feet. This fault is downthrown toward the 
coast, the same direction of throw as the main east-west fault that crosses north 
of the well. The straight hole cut a 40-foot fault at 8,690 feet and the side-track 
cut what appears to be the same fault with a throw of 45-55 feet, at 8,920 feet. 
This fault is upthrown toward the coast, an apparent minor adjustment to the 
main fault. 

Core analyses of the gas sand in the side-track hole showed a high water 
content and the electric log again failed to register a resistivity that would indi- 
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cate commercial production. In effect, the two holes showed a continuous gas-oil 
column of more than 40 feet, all of which was waterlogged. 

It is exceptional to encounter a 40-foot gas-oil column that is water-invaded in 
a reservoir that has not been depleted by production. In order to explain this 
occurrence, two different theories are advanced. First, that the oil and gas that 
are now found in the sand are residual fractions, the recoverable content having 
been depleted by drainage across a fault, probably the main east-west fault at 
the north. This fault is downthrown toward the coast with a displacement that 
is estimated at 250 feet. The first Frio sand, with which we are dealing, would be 
in contact across the fault with the Wallis group of sands, if displacement ap- 
proximated 200-300 feet. This explanation seems to fit the structural factors that 
are available at this time. One additional piece of supporting evidence is of in- 
terest. K. D. Owen’s Moody No. 1, located 4,300 feet southeast of the Mayes 
White No. 1 and, as far as factual evidence is concerned, in the same fault block, 
found a fair section of residual oil saturation in the first Frio sand, while occupy- 
ing a position that is 200 feet lower than the Mayes White No. 1. 

The main weakness in this theory is that we are dealing with a depleted gas 
column and a depleted oil column in the same sand, with a proper relationship 
between them. If depletion of a sand that was being fed normally from a source 
had occurred through leakage across a fault, then such movement should have 
taken place at a stage before a gas cap had formed and the residual content of 
the sand should either have been limited to oil alone or there should have been 
no residuum in the sand whatever. In other words, it seems highly imaginative to 
contend that oil from a normally supplied trap, could have migrated upward to 
the crest of a reservoir and e-caped across a fault, leaving behind a depleted gas 
column that is oil-free, underlain by a depleted oil column. 

Another conflicting point in- this theory is that normal accumulation has 
taken place in at least two of the blocks that comprise the South Mayes fault 
block group. West of the original Humble-Wallis oil well, two additional com- 
mercial wells have been completed, the Franklin No. 1, a gas-distillate well in the 
first Frio sand and theScherer No. 1,an oil well in the second sand. Thesethree wells 
are ina block that is separated from the Mayes White No. 1 by the go-foot Wallis 
fault except possibly the first Frio gas sand in the Wallis No. 1; but the block is 
assumed to be controlled by the main east-west fault on the north. If depletion 
of the Mayes White block has resulted from leakage across the main fault on the 
north, it is difficult to explain why the reservoirs in which the three western wells 
are finished have not suffered similar losses. 

The second theory that is here being advanced overcomes some of the objec- 
tions that can be raised regarding the first theory but it still leaves much to be 
desired. The laws that govern the migration of oil are very little understood. The 
same statement may be made regarding the source of oil. It is not difficult to 
think of the migration of oil from a large open source area, to be trapped by 
structures that interrupt the regional inclination of the beds. Some traps, how- 
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ever, are in lenticular sands that shale-out in all directions so that no porous con- 
nection with distant areas of source exists. Other types of closed structures are 
formed where blocks of sediments are completely isolated by faults. Recognition 
of these closed traps often waits upon production performance, where abnormally 
high initial pressures or rapid pressuredrops indicate a lack of hydrostatic balance. 
Some of these closed traps are barren of oil or gas whereas others are fully loaded. 
If it is assumed that other structural factors are favorable, the determination 
whether a closed fault block is barren or productive would largely depend on the 
time relationship between migration and fault movement. 

None of the varied circumstances here set out exactly fits the Mayes White 
fault block but it is probable that the explanation of the exceptional conditions 
that are here being discussed lies somewhere in this time relationship. It has been 
pointed out that the immediate area is cut by numerous faults, with several 
faults of sizeable displacement having been mapped in a tentative pattern. Nu- 
merous other faults have been identified in one or more wells but these can not 
as yet be tied into the general fault scheme. No tests except the one Owen dry 
hole have been drilled on the southeast side of the prospective territory and it is 
possible that there is a strike fault in this general locality that is complementary 
to the main east-west fault and forms a graben of the area immediately surround- 
ing the Mayes White test. According to the time relationship, such a fault may 
have arrested migration into the Mayes White block in its early stages and cut off 
water circulation that would have brought about a proper adjustment of the 
limited quantities of fluids. and gases that now occupy the reservoir. It is believed 
that this theory, while incomplete and unsatisfactory, more nearly meets the 
conditions in the area than any other. Unless oil has been depleted by the means 
set out under the first theory, then it may be assumed that the under-saturation 
- encountered in the Mayes White tests is to be explained by the interruption of 
initial migration into this localized fault block. 
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DISCUSSION 


DIAGENESIS AND WEATHERING! 


ELIOT BLACKWELDER? 
Stanford University, California 


In the January number of the Bulletin,’ W. C. Krumbein, in discussing post-deposi- 
tional changes in sedimentary deposits, suggests that “If the definition of diagenesis is 
broadened sufficiently, it may include weathering changes.” From this and subsequent 
remarks one may infer that Dr. Krumbein is in favor of redefining diagenesis in this way. 

The term diagenesis now has a fairly definite meaning for geologists the world over, 
referring to those changes which take place in sedimentary deposits on the bottoms of seas 
and lakes during and soon after deposition and before deep burial. Such changes are 
mostly chemical and bio-chemical, with strictly physical changes subordinate. 

Weathering, on the other hand, is generally understood to mean the changes in rocks 
and sedimentary deposits at and near the surface of the lands. Krumbein remarks that 
“The subject of weathering is a science in its own right.”” Why then suggest that it should 
be merged into diagenesis by an extension of the definition of the latter? 

If we are not to make a distinction between weathering and diagenesis, what shall we 
do about hydrothermal metamorphism, involving chemical changes which are induced by 
solutions, acting commonly near the surface of the earth. These changes resemble those 
involved in weathering even more than do the alterations called diagenesis. 

It must be admitted that there is no sharp line of division between any of these 
groups of processes. They intergrade with one another, as is common in geology; hence, 
boundaries between them must necessarilv be arbitrary. Nevertheless, it is distinctly use- 
ful to make and to recognize such divisions, for, regardless of marginal intergradations, 
there is a central concept which is distinct and important. 

W. C. KruMBEIN (Northwestern University, Evanston, Illinois, February 17): 

Doctor Blackwelder has properly called attention to an implied redefinition of the 
term diagenesis in my extension of the word beyond its usual meaning. The original treat- 
ment should perhaps have indicated explicitly that I sought to point out a complexity 
rather than to modify an accepted terminology. My intention was mainly to indicate that 
in the post-depositional history of sediments there could be an episode of surficial weather- 
ing with the development of a soil profile; and if the profile is subsequently buried, it 
would undergo changes which in a sense are diagenetic. As a result of such post-deposi- 
tional history the final sedimentary product would present a complex of true diagenetic 
changes, weathering changes, and post-weathering alteration. In effect, the discussion 
sought to draw attention to Doctor Blackwelder’s point that there is no sharp distinction 
between these groups of changes, and that for some purposes the segregation of different 
types of diagenetic change may be important in the interpretation of ancient sediments. 


1 Manuscript received, February 5, 1947. 
? Professor of geology, emeritus. 


3 W. C. Krumbein, “Analysis of Sedimentation and Diagenesis,” Bull. Amer. Assoc. Petrol. Geol., 
Vol. 31, No. 1 (January, 1947), pp. 168-74. 
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RESEARCH 


FUNDAMENTAL RESEARCH IN SEDIMENTOLOGY! 


SHEPARD W. LOWMAN? 
Houston, Texas 


The reconnaissance survey of research needs, in petroleum geology, which was con- 
ducted by the Research Committee of 1945-46, resulted in the selection of nine projects 
in April, 1946, to which three more have been added, making a total of twelve. Eleven of 
these have been assigned to project chairmen and preliminary formulations have been 
prepared. 

Emphasis has been placed on sedimentology, and, of the twelve subjects selected for 
further investigation, eight are in that general field. It has become increasingly evident, 
as work has progressed, that there are no real boundaries between these eight projects, 
and, at the January 15 meeting of the Research Committee at Wichita, it was decided that 
they should be merged into one program of fundamental research in sedimentology to be 
organized as an integrated physical, chemical, and biological investigation of the environ- 
ments and products of deposition and post-depositional change in argillaceous and car- 
bonate sedimentary deposits and their more important constituents, such as organic ma- 
terial and formation water. 

This report discusses the need for and possible organization of such a program and 
gives a résumé of the component elements. It contains the following sections. 

Orientation and scope of activities, page sor 

Selection and formulation of projects, page 502 

Presentation of progress report to A.P.I., page 502 

Need for a well balanced program of fundamental research in sedimentology, page 502 

Analysis of sedimentology with reference to needs of petroleum geology, pages 503-504 

Outline of a program of fundamental] research in sedimentology, pages 505-507 

Résumé of projects 1, 2, 3, 4, 5, 6, 7, 8, and 12, pages 507-512 

Further work needed to outline program, page 512 


ORIENTATION AND SCOPE OF ACTIVITIES 


We have aimed our projects at that part of the fundamental field which we conceive 
to be close to applied research. We grant that long-range ‘“‘academic-fundamental”’ re- 
search is essential to the development of our science, but we consider it to be outside of our 
province. We grant also that the boundary between fundamental and applied research is 
neither sharp nor fixed, but varies with time and place in response to many economic fac- 
tors and the state of our knowledge. We have, therefore, tried to design our projects so as 
to fill the needs that lie just beyond applied research as we conceive it to be practiced at 
the present time. 

We have also tried to maintain a consistent point of view and axis of orientation, 
namely, to construct research projects which are designed to give us tools with which to 
improve our performance in finding and producing oil and natural gas. This objective 
would appear to be served best by concentrating the majority of the early work on Recent 
and Pleistocene sediments where it may be possible to set up the sedimentary analogs of 
physical constants and laws of relationship, or at least to produce closer controls on the 
sedimentary variables. In formulating these projects, we have had equal regard for their 
full development and for the limit of diminishing returns. 


1 Manuscript received, February 5, 1947. 
2 Chairman, research committee. 
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SELECTION AND FORMULATION OF PROJECTS 


It was apparent, at the time they were selected, that there was considerable interrela- 
tionship between the eight projects in sedimentology. However, they have been prepared 
as distinct segments, rather than as a program, because the A.A.P.G. has inadequate funds 
for the support of a major research program, and a survey of several hundred members 
’ indicated strong opposition to a proposal that the Association should take an active part 
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Fic. 1.—The volume of activity decreases geometrically away from the point of view. Hence 
the center of activity in a symmetrically developed program would be displaced away from the 
center of symmetry toward the point of view. 


in raising such funds. The committee, therefore, has directed its attention to further 
survey and analysis of specific subjects, in the expectation that some of the resulting 
projects would merit the approval and recommendation of the Association, and acceptance 
by research agencies which are organized to finance worthwhile research of this general 
nature. 

PRESENTATION OF PROGRESS REPORT TO A.P.I. 


On November 12 the writer presented a progress report on several of the projects 
before the American Petroleum Institute, Advisory Committee on Fundamental Research 
on Occurrence and Recovery of Petroleum. This report was made with the approval of the 
Research Committee and the Executive Committee of the A.A.P.G. 

The ensuing discussion by the memkership of the A.P.I. committee was generally 
favorable and a motion was passed empowering the chairman, Mr. Gaylord, to set in 
motion the necessary machinery for further consideration of our projects when they are 
completed and have the approval of the Executive Committee, presumably shortly after 
the annual meeting on March 24-28, 1947. 

The progress report contained one important departure from our previous planning, 
in that the writer stressed the interrelationship of our projects, and the need for an over-all 
program of fundamental research in sedimentology. The ensuing discussion of this topic 
indicated that it would be advisable for us to present our results both as specific projects 
and as a well rounded program. 


GENERAL ANALYSIS OF PROGRAM OF FUNDAMENTAL RESEARCH IN SEDIMENTOLOGY 


Ten years ago it was suggested that research on clay minerals would produce extensive 
values for petroleum geology and engineering. To-day the need for more knowledge of 


or DI PROGRAM 
RESEARCH IN 
APPLIED SEDIMENTATION FUNDAMETAL 
POINT 
4 Maxi, RESEARCH RESEARCH 
of 
ti ectiy, 
Vision 
\ 


RESEARCH 503 


clays is so acute that many companies are undertaking, at individual expense, work which 
is of general interest. 

This is only one of many examples, but it serves as an illustration of the need for 
knowing more about sediments so that we can evaluate the significance of our ignorance 
and plan specific projects to plug the more conspicuous gaps. The probable significance of 
such values to exploration can be appreciated by considering the gross methods that are 
presently available for such problems as subsurface evaluation of unconformities and the 
location of the wedge edge of sand bodies. 

The values to production engineering would probably be equally great. Engineers who 
apply measurements, based on the few known quantities, find the value of their results 
limited by the “‘L factor,’ which is the basket-term for the mass of unknown sedimentary 
variables. There probably will always be a residual “L” in our calculations, but at present 
it is far greater than it needs to be, considering the techniques that are presently available 
for the investigation of many of its components. In terms of dollars and cents, the un- 
knowns of the “‘L”’ factor are probably costing far more, in reduced efficiency of operations, 
than the cost of the research needed to bring them in line with the other limiting factors 
of the problems. 

There appear to be two principal obstacles to formulating a program of research de- 
signed to fill these needs. In the first place, sedimentology is a very extensive’ subject 
dealing with many categories of related and even interdependent variables. In the second 
place, the investigation of any restricted class of variables might produce values and re- 
lationships that hold good in the laboratory but which, when applied to practical field 
problems, would be liable to invalidation by interdependence on other parts of the “L” 
factor which were not included in the investigation. 

An integrated field and laboratory investigation of the principal classes of sedimentary 
variables that bear directly on the problem would be extensive—but it does not appear 
that it would be disproportionate to our needs or to the expectable results. The principal 
objection to such a program is that it would contain the elements of many hundreds of 
man years of work. The same objection could be advanced against almost any project or 
project segment. The key to the program would be to hold the degree of detail to sig- 
nificant approximations and to plan successive stages from the more general to the more 
detailed. The first step in such a procedure is the most general and brings out the following 
apparent relationships. 


PETROLEUM GEOLOGY 


PRINCIPAL LINES OF FLOW OF KNOWLEDGE IN DEVELOPMENT OF SUBJECT SUBDIVISIONS. 


LocaAL REGIONAL SEDIMENTOLOGY ———> STRATIGRAPHY ———> TECTONICS 


RESERVOIR RESERVOIR (SEE FOOTNOTE) (INCLUDING 

APPLICATIONS OF <—————. CHEMISTRY-MATHEMATICS-—PHYSICS ——}> APPLIED 
PHYSICS, CHEMISTRY AND THE NATURAL SCIENCES GEOPHYSICS 
AND BIOLOGY 


Fic. 2.—Sedimentology is used here as including sedimentary and biological aspects of the 
environments of deposition, the processes of post-depositional change, the biological and lithological 
characteristics of the sedimentary rocks, including sedimentary mineralogy and formation fluids: 
in other words, all the materials (insofar as they may be considered as component particles of the 
sedimentary rocks), the processes by which they are produced or altered, and their interrelationships 
as they occur in their natural state. 
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From this point of view, the central core of fundamental research in petroleum geology 
is the investigation of those physical, chemical, and biological characteristics, relationships 
in sediments and reservoir fluids, which are most significant to the principal fields of 
activity in exploration and production. 

A further analysis of sedimentation might help select the general fields in which the 
most significant investigations might be located. In the following diagram geological time 
factors are plotted against classes of materials or fields of knowledge. 
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Dynamic factors of present en- 
vironments 


Distribution of variables in most- 
Recent bottom muds (approxi- 
mately 3 feet selected as practical 
thickness for reconnaissance) 


Incipient stages of post-deposi- 
tional change in young Quaternary 
strata 


Distribution of sedimentary vari- 
ables in older strata 


More advanced stages of post- 
depositional change 


* Including clay, silt, sand, gravel; excluding clastic dolomite and limestone. 


Stated in another way, the above diagram plots conditions as they exist in nature 
against the compartmentalized fields by which we must conduct the investigations. 

One other valid generalization that appears to bear on the problem of outlining a gen- 
eral program of fundamental research in sedimentation is based on the distinction between 
the problems of carbonates and clastics, both as sediments and as reservoir rocks. It seems 
clear that the program should be divided into two main parts, clastic and carbonate, and 
that each of these should be subdivided on the basis of Quaternary (Recent sedimentation 
and incipient post-depositional change) and pre-Quaternary sediments. It follows that 
there should be at least four principal regions from which to collect the materials to be 
used in the various topical investigations. These four regions might be as follows. 


1. Recent clastic sediments (northwest Gulf of Mexico) 

2. Older clastic sedimentary rocks (some part of the Pennsylvanian of Illinois) 
3- Recent carbonate sediments (northeast Gulf of Mexico) 

4. Older carbonate sedimentary rocks (Ordovician of Kansas) 


The regions listed are for example only. The ultimate selection would be a compromise 
and would depend on the needs of all the different “topical” investigations, water, clay, 
bacteria, ef cetera. For any particular investigation, materials might also be drawn from 
other regions than the one selected as the general type. For instance, the purposes of the 
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bacterial investigations might be served better by material from the Pacific Coast clastics 
or the Bahama carbonates. Therefore, the selection of one province in each of the four 
geological categories would not be intended to be restrictive, but only to serve as the focal 
region in which the different lines of investigation could be integrated. 

Another form of integration would appear to be necessary. The investigation of any 
given topic, such, for instance, as formation water, might be conducted by several different 
groups of workers, and the director of one of these groups might be charged with the 
responsibility of coordinating all the results obtained within that particular topic, whether 
Recent or Ancient, clastic or carbonate. 

This two-fold coordination would lend itself to the following type of organization. 


SUPERVISORY Bopy 
EVALUATION AND AUTHORIZATION 
| 


Advisory Group 
Integration of 
Various Topics 
Principal Directors of Topical Investigations 
3 
on 
a | 8 | 
- Environment 
Surface Muds 
a wo Incipient 
Diagenesis 
g Older Rocks | | 
335 an 
8 3 Environment Project Segments 
Recent Surface Muds 
Incipient 
Diagenesis 
233 8) ° | 
Older Rocks 
Pree 9 
Recent Advanced 
Diagenesis 


* Including clay, silt, and gravel; excluding clastic limestone and dolomite. 


GENERAL OUTLINE OF PROGRAM OF FUNDAMENTAL RESEARCH IN SEDIMENTOLOGY, 
WITH REFERENCE TO NEEDS OF PETROLEUM GEOLOGY AND ENGINEERING 


The principal controlling factor in the development of a program of research in sedi- 
> mentology is that the materials used in all but some of the experimental phases must come 
from natural environments, 
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MAIN CONTROL REGIONS 


RECENT & PLEISTOCENE CLASTICS RECENT & PLEISTOCENE CARBONATES 
50% OF TOTAL EFFORT 25% OF TOTAL EFFORT 
#8 - #8 -1 ————-#1 - 10% 
#7 - 54-—_—— ——— #1 30% - 10% 
#6 -1 #7 -3 3 - 
- 15% 
#5 - 
#2 - 10% #6 - 5%---- - 15% 
#4 - 154-—— 
#3 - 15% 
OLDER CLASTICS - 15% OF TOTAL EFFORT OLDER CARBONATES - 10% OF TOTAL EFFORT 
-----#1 - 10% 
#8 - 25 —-#2 - 10% 
#7 - 3 #3 - 15% 


Fic. 3.—Example of way in which total program might be divided. 1, Clay, 21.5%; 2, Organic 
constituents, 10%; 3, Interrelated physical and chemical properties of sediments and formation 
water, 12.5%; 4, Bacteria, 11.25%; 5 (part) Fossils, 10%; 6 (part) Clastics (other than clay), 9%; 
7, Carbonates, 13.75%; 8, Differential solution and deposition, 12%. (The segment numbers in 
this diagram correspond roughly with the numbers of the projects which are summarized in the 


following text.) 


It is desirable that all of the principal topics of the program should be conducted on 
materials from each of the four test regions so as to improve our ability to see the inter- 
relationship between the different regions and different classes of materials. 


OUTLINE OF PROGRAM OF FUNDAMENTAL RESEARCH IN SEDIMENTOLOGY 


These eight topical groups, in four control regions, show at a glance the need for first- 
order reconnaissance during the initial stages of most of the program. The exceptions 
would be the marine regions where the cost of occupying a station justifies greater atten- 
tion to detail in the investigation of material from each of these stations. 


I. Recent Clastic Region and II. Recent Carbonate Region 
A. Continental portion (bays, swamps, lagoons, offshore bars, et cetera) 
1. Reconnaissance 
. iat of depositional environments by physiographic and other available data 
2. Detai 
Selection of transects (belts 10 miles wide perpendicular to the coast) through typical 
environments. Measurement of salinity, pH, and redox at selected stations under the 
normal range of conditions. Collection of samples from surface and from shallow core 
holes 5 to 20 feet deep. Preliminary examination in the field of less stable components 
such as clays, water, bacteria; more detailed work in laboratory 
3. Incipient post-depositional change. Drilling of core holes ranging to 400 feet deep at 
selected stations. Examination by all branches of investigations to determine degree and 
nature of change with depth 
4. Continuation of investigations downward through the Pleistocene, which, together with 
red Recent, reaches a thickness of nearly 4,000 feet at the seaward edge of Mississippi 
elta 
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B. Marine portion (continental shelves to Sigsbee Deep) 
The interests of economy appear to be served best in marine investigations by combining 
the clastic and carbonate control profiles in a single extended cruise, outfitting a suitable 
ship and conducting those investigations on board which need to be done at location, such 
as parts of the work on water, clay, bacteria, organic matter, and the interrelated physical 
and chemical properties of the sediments and their contained water. 

It is suggested that the carbonate control profile should be located off western Florida, 
rather than Yucatan, for reasons of accessibility to subsequent investigations which might 
appear to be desirable. The continental shelf west of Tampa is preferred to the area of the 
Florida Keys because of possible mixing with Caribbean water in the more southern area. 
The Tampa profile is well within the Gulf and should provide relatively typical Gulf of 
Mexico carbonate deposits. Since it would be useful to compare the results of the investiga- 
tions in the clastic and carbonate regions, it would be desirable, from this point of view, for 
both to be in the same general province. | 

III. Region of ‘Clastic Rocks and IV. Carbonate Rocks 

1. Survey of all significant data in project region and within selected formation or group of 
formations; cooperation of companies and other sources of data essential 
2. Collection of readily available cuttings, cores, and water samples for spot check on key points 
of survey 

. Selection of three control profiles constructed so as to cross regional and local conditions of 
particular interest 

. Collection along profiles of special samples and a few complete sets of cores through the 
formation or group selected for investigation. 

. Examination of all cuttings and every inch of cores by visual] techniques and a few somewhat 
more detailed investigations where desirable. 

. Interpretation of reconnaissance results and selection of key samples for detailed investiga- 
tion of all major topics; this selection to be made in such a way that the results of these in- 
vestigations will bear the greatest relationship to regional and local indications of depositional 
environments and factors of post-depositional change. 


RESUME OF A.A.P.G. RESEARCH COMMITTEE PROJECTS IN 
SEDIMENTATION AND RESERVOIR FLUIDS 
Cray MINERALS 
A.A.P.G. PROJECT I 

The initial objective of the clay mineral project is to increase our information concern- 

ing the properties and the patterns of behavior and distribution of clay minerals in Recent 

_and older sediments, with special reference to the needs of petroleum geology and engineer- 
ing. These needs would appear to be served by the development of basic clay-mineral data 
that would help in the search for specific relationships of clay minerals to all types of well 
logging, core analysis, reservoir behavior, porosity and fluid saturation, variations in per- 
meability, indices of depositional environment and source beds of petroleum. 

There is, presently available, a large body of existing information and developed 
techniques, including X-ray, thermal, and chemical methods of analysis. The arrangement 
and distribution of the clay particles in the rock can be investigated by a variety of 
physical and microscopical techniques. 

This is visualized as a long-term project concerned with the development of funda- 
mental knowledge, but the field is so active and so relatively new, in its application to the 
exploration and development of petroleum, that many practical by-products might be 
expected. 

The value of these data and known relationships to the improvement of our present 
techniques would probably be very extensive. In addition, a large part of these investiga- 
tions would have direct bearing on the increased use of clays as acid catalysts. 


ORGANIC SEDIMENTS 
A.A.P.G. PROJECT 2 (PART) 
The objective of the organic sediments project is to investigate the facts relating to the 
occurrence and alteration of organic material in Recent and pre-Recent sediments, and 
the relationship of these facts to the other sedimentary variables. 
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It should be stressed that there is no intent to duplicate the work of A.P.I. project 5 
or to overlap the current work of Project 43. The organic sediments project is located in 
the same general segment of the sphere of geologic research as A.P.I. 5 and 43, but its 
purpose is to improve our knowledge of fundamentals of sedimentation rather than to 
make a more direct attack on the problems of beds or of other factors of origin. 

This project is closely related to the work that would be done on formation waters. 
Part of the results derived from A.P.I. 43A (bacteria) would be directly applicable. The 
organic sediments and clay minerals investigations are also closely interrelated and one 
almost necessitates the other. Furthermore, the amount of organic material has a pro- 
nounced affect on the pH and the redox potential as well as the oxygen and carbon dioxide 
tension and concentration in Recent environments and the underlying muds. 

There are numerous techniques and a large body of information that could be directly 
applied to the problem. The results of the investigation of bacterial activity in peat and 
coal seems to be particularly applicable. 

The design of this project should be long range and fundamental. Direct applications 
are not expected. However, it is probable that the investigation can be so concentrated in 
the field of our most significant ignorance that it will produce leads that can be followed 
by subsidiary investigations to practical conclusions. 


FORMATION WATERS 
A.A.P.G. PROJECT 3 

The initial work on the formation waters project would consist in the collection of data 
in two or three selected areas and the correlation of these data to other geological occur- 
rences that are significant to our purposes. ‘ 

The analytical phase of this work should include uncommon characteristics as well as 
those commonly identified. Sodium and potassium should be measured separately also 
ammonium, barium and strontium if present. Organic acids should be measured and calcu- 
lated as naphthenic acid, by the electric-titrimeter. The usual Palmer interpretation should 
be made in addition to calculation of hypothetical combinations. 

The formation waters, when completed, would furnish a set of rules and limitations 
concerning the direct and indirect significance of formation waters in reference to some of 
the other factors of their geological environment. 

This project is fundamental in general outline but may have some practical applica- 
tion. From the point of view of fundamental investigation in sedimentation, the formation 
waters are a part of the geological environment and must be evaluated before we can hope 
to reconstruct the broader outlines of the picture, particularly in the field of post-deposi- 
tional changes in clay minerals and carbonates, and cementation of clastics. 

The composition of the water is also of prime importance from the viewpoint of depo- 
sition and incipient post-depositional change in Recent and near-Recent sediments. It 
exerts primary control not only on the distribution of flora and fauna, but probably the 
clay minerals as well. The exchange of cations between water and clay is one of the more 
significant factors in post-depositional change in fine-grained clastics, and waters are prob- 
ably the principal agent in the transformation of limestone to dolomite. 

It would be virtually impossible to construct a valid program of fundamental research 
in Recent sediments, either clastic or carbonate, without extensive consideration of the 
water of the environment and in the sediments. 


BACTERIA PROJECT 
A.A.P.G. PROJECT 4 (PART) 

The purpose of the bacteria project in Recent and near-Recent sediments is to discover 
the principal functions of bacteria in the deposition of carbonate, organic, and fine-grained 
sediments, and to investigate the more important aspects of bacterial activity and bio- 
chemistry in post-depositional change. 
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Clay minerals, organic sediments, formation water, and bacteria are all essential ma- 
terials in an investigation of modern environments, the distribution of variables in Recent 
fine-grained clastic sediments, and the incipient processes of post-depositional change. 

Much has been added in recent years to the techniques of bacteriology and bio- 
chemistry as they apply to sedimentology. Bacteriological work on soils or sediments is 
being done at several academic institutions and is being planned at one or more others. It 
is probable that the project could be placed advantageously. 

The project is fundamental and no practical by-products are anticipated, although, 
of course, they may occur, and all investigations should be scrutinized for important 
leads. 

RECENT SEDIMENTS 
A.A.P.G. PROJECT 5 

The recent sediment project is described as the investigation of Recent sediments of the 
northern part of the Gulf of Mexico and adjacent areas of continental deposition. 

The initial objective is to increase our knowledge of three related groups of things 
which are: first, the processes and products of depositional environments; second, the areal 
distribution of the more significant variables in Recent clastic and carbonate sediments; 

and, third, the processes and products of post-depositional changes in the Upper Quater- 
nary. 
These investigations ate planned to include fossils and fossil-producing organisms, 
limestone reefs and bedded deposits, initial processes of solution and crystallization, in- 
cipient dolomitization, development and filling of porosity; the grain-size distribution and 
grain characteristics of clastic sediments, clastic minerals including heavy minerals, vol- 
canic glass, glauconite, the micas and especially the clay minerals; bacteriology and 
biochemistry; the interrelated physical and chemical properties of the sediments and 
formation waters. 

The ultimate objective is to improve our ability to distinguish in sedimentary rocks 
the products of environmental and post-depositional processes and thereby increase our 
leverage on such problems as origin and migration and the identification of those factors 
which control the selective accumulation of oil and gas in favored trends, structures, and 

‘reservoirs. 

These classes of data would probably provide control for many of the presently un- 
known components of the “‘L”’ factor (which is the designation for the group of lithologic 
unknowns encountered in core analysis), and thereby aid in evaluation of reservoir per- 
formance. 

ANCIENT SEDIMENTS 
A.A.P.G. PROJECT 6 

The initial purpose of the ancient sediments project is to measure and map the distri- 
bution of sedimentary variables in selected typical geological environments. 

These variables reflect both environment of deposition and post-depositional changes 
and the results of these two sets of processes must be disentangled before we can under- 
stand the implication of any given set of conditions in the sediments and predict their 
horizontal or vertical extension. However, the first step is to map the horizontal and 

vertical distribution of the variables as we find them. 

It seems probable that correlation between Recent and ancient patterns of distribution 
of sedimentary variables can be made better at a later stage in the investigation, after an 
unprejudiced evaluation of each has been made in terms of the known factors of the modern 
or geological environment in which each is now located. 

Among particular aspects which require further investigation is the influence of proc- 
esses of post-depositional change operating through geologic time on the modification of 
the characteristics of clay minerals by base exchange and other alterations particularly 
as they effect variations in porosity and permeability. 
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CARBONATE POROSITY 
A.A.P.G. PROJECT 7 

The specific objective of the carbonate porosity project is to improve our understand- 
ing of the nature and the manner of origin of porosity and permeability in carbonate rocks. 
More broadly this would involve consideration of the processes and products of deposition 
and post-depositional change. 

Particular attention would be directed toward the origin and development of “pri- 
mary” and “secondary” dolomitizations, and toward other types of “‘primary” and “sec- 
ondary” porosity. The proposed program for attacking these problems includes X-ray, 
thermal, chemical, and petrographic techniques, core analysis, and plastic models. 

These would be supplemented by investigation of solubility effects of weak acids, re- 
ductions of porosity by ground water, movement of fluids through porous carbonate media. 
Local and regional geological environments of carbonate porosity would be classified. 

This project is basic in over-all design, although, of course, usable by-products might 
result at any time. An increased understanding of carbonate porosity would furnish the 
basis for a genetic classification which would be useful in correlating new areas of carbonate 
production with old areas that had a long production history. This would aid in the early 
evaluation of reserves and the most economical development of the new field. 

Correlation of porosity with other geological features would aid in the prediction of 
new areas of porosity and the extension of old ones. : 

CEMENTATION 
A.A.P.G. PROJECT 8 

The field of interest of this project is the entire field of post-depositional change in 
sedimentary rock and as such, it broadly overlaps all the other projects. Whereas some of 
the other projects may be attacked directly, at least in part, this one depends almost 
entirely on inference because the time factor prevents us from measuring the processes in 
operation. 

Differential solution and the filling, or development, of porosity in clastics and car- 
bonates are only part of these processes. Some of the others are migration of formation 
waters, alteration of clay minerals and carbonates, and resulting changes in porosity and 
permeability. 

The subject of post-depositional change of sediments is hardly less difficult to get hold 
of that is the closely allied problem of origin, evolution, and migration of fluid, hydro- 
carbons. However, we probably know enough about Recent and ancient sediments to 
make some valid inferences as to the processes involved in the transformation from one to 
the other. Investigations based on some of these inferences have been included as segments 
of some of the other projects. 

It may be that in constructing a program of fundamental research in sedimentation, 
the subject of post-depositional change should be regarded as a field of interest rather than 
as a project or group of projects. However, it is surely one of the focal points for the 
integration of the results of topical projects that are based on classes of materials, such as 
formation waters, clays, bacteria, carbonates, ef cetera. It seems probable, therefore, that 
specific projects should be designed to implement that integration, by tying together the 
various lines of evidence, and investigating further their relationship to one another within 
the field of post-depositional change. Such a project might be designed to investigate some 
of the inferred processes of cementation of sandstones, by field observation and laboratory 
experimentation. 

The general subject of post-depositional change contains so many problems that are of 
immediate economic importance that it would be necessary to design specific projects with 
care in order to keep them in the field of fundamental research. Numerous practical by- 
products would almost surely develop from such projects in a relatively short time. 
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WELL LoGcING 
A.A.P.G. PROJECT 12 

There are two principal objectives for this project, the first of which is to make the 
various types of bore hole logging serve the more general purposes of the investigation of 
sediments and the second of which is to interpret as many of the results of the other in- 
vestigations as possible in terms of bore hold logging so as to make these results the more 
readily available. 

Many of the techniques that could be used in the interpretation are well advanced, and 
electrical or other logs may be available for many or most of the wells in a project area. 
These logs will surely be used. “In order to use logs to the fullest extent and to increase 
our ability to interpret them, special effort must be made in the laboratory and the field 
to investigate, record and digest, specific data and phases of the investigation peculiar to 
and for the purpose of interpretation of the logs.’ 

It seems probable that the development of a project with the objective here outlined 
would avoid the field of applied research but would produce results that would be readily 
applicable to that field. 

MeEpiuM-GRAINED CLAstTICs, SANDS AND SILTS 
A.A.P.G. PROJECT 7 (PART) AND 5 (PART) 

No separate project was recommended for this subject because its treatment is covered 
in project 6 Ancient Sediments and to a lesser extent in project 5 Recent Sediments. 

Medium-grained clastic sediments are one of the groups of sedimentary variables 
which, on the whole, remain relatively less altered by post-depositional change. They are, 
therefore, available for tracing the patterns of environment directly from the Recent into 
the older sediments. 

The objective of this work is two-fold: first, to identify the sedimentary patterns which 
exist in Recent sediments and their relationship to modern environment; Second, to 
identify sedimentary patterns in older sediments and correlate these with the Recent. 

In this work the grain-size distribution of the sediments is the most obvious and 
possibly the most effective tool. The shape and surface characteristics of the grain, such 
as frosting and pitting, should be investigated, particularly in relationship to clay coating. 
Microstructures of the sediments should also be investigated in thin sections and under 
the lower-power binocular (10x). 

Most sands and silts are argillaceous and most marine clastics are calcareous, either 
because of or in addition to their fossil content. The investigation of the clastics, therefore, 
needs to be closely integrated with several other investigations in the Recent and the older 
sediments. Although the quartz may remain relatively unaltered, the calcareous and argil- 
laceous fractions are subject to post-depositional change and must be considered in that 
connection as well. 

A knowledge of the depositional patterns and the principal processes of post-deposi- 
tional change of the minor constituents in medium-grained clastics would be of direct value 
in predicting areas and type of porosity and permeability in the subsurface. The results of 
this project would probably have so many practical applications that care would have to 
be exercised to keep it in the fundamental field. 

ENVIRONMENTAL DisTRIBUTION OF FossILs 
A.A.P.G. PROJECT 5 (PART) 

This subject also was not included by title in our original list of projects because it is 
a major part of the plan of project 5 Recent Sediments. 

Investigation of the environmental distribution of fossil-producing organisms has two 
purposes: first, to furnish additional data on this class of evidence which has been found to 


3 According to G. E. Archie. 
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be the most valid index of depositional environment; and second, to give additional help 
in the problem of disentangling the environmental from the evolutionary variables, and 
thereby contributing directly to the value of paleontological criteria in stratal correlations. 

Preliminary work on this item indicates a close interrelationship between this project 
and several other fields of sedimentation. The distribution of the organisms appears to 
depend to a large extent on the character of the bottom sediments, and the fossi] remains 
form a significant part of the sediments in which they are buried. This branch of paleon- 
tology, therefore, appears to form a valid and an essential segment of a program of funda- 
mental research in sedimentation. 


CARBONATES 
AS MINOR CONSTITUENTS OF CLASTICS 
A.A.P.G. PROJECT 5 (PART) 

No project has been designed to investigate the carbonates in clastic regions and yet 
they occur in abundance as minute disseminated particles and constituents of particles, as 
calcareous fossils, and as calcareous oozes in deeper-water deposits. 

Parts of the carbonate investigation might be carried on under other projects (clay 
minerals, bacteria, carbonate rocks, cementation, et cetera), but there would probably be a 
residue of material that would be given more satisfactory treatment under its own classifi- 
cation. 

FURTHER WORK NEEDED TO OUTLINE PROGRAM 


The next step in the development of our program is to define specific problems that 
could be undertaken in the several topical divisions of the general subject of sedimentology. 
These can then be graded in relation to our objectives, the estimated significance and scope 
of results, time and cost of proposed investigations, and other evaluating factors. The 
various segments could then be placed in the framework of a general program in which it 
should be possible to see their relationship to our needs and to limiting conditions. 

It is hoped that the preliminary draft of a workable program may be completed by the 
annual meeting this year. 
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NOTE 1—ORGANIZATION AND OBJECTIVES OF THE 
STRATIGRAPHIC COMMISSION! 


AMERICAN COMMISSION ON STRATIGRAPHIC NOMENCLATURE 


Original joint committee on stratigraphic nomenclature—Geologists of North America 
are generally well acquainted with the statement of stratigraphic principles and rules for 
classification and nomenclature of rock units formulated in 1932 by a joint committee 
representing the American Association of Petroleum Geologists, Association of American 
State Geologists, Geological Society of America, and United States Geological Survey. 
This so-called Stratigraphic Code, commonly cited as the AsHLEy ef al. (1933, 1939) 
report, has been published three times and has been used widely as a guide by individual 
workers and geologic editors. The value of the Code as a comprehensive, concisely stated 
presentation of generally accepted views on stratigraphic principles and procedures has 
been recognized despite its incompleteness and imperfection of treatment in various places, 

The joint committee was not continued after it had formulated the Rules. At a final 
meeting of the committee on December 29, 1932, a motion was adopted recommending 
that questions of interpreting the Rules should be referred to the Committee on Strati- 
graphy of the National Research Council, but no special provision was made for encourag- 
ing such reference of questions or for dealing with them if they should be submitted. At 
least one important problem (Howe, 1933; Dunbar, 1934) involving principles of strati- 
graphic nomenclature as applied to Gulf Coast Tertiary rocks was brought to the attention 
of the Committee on Stratigraphy and by expression of committee judgment a satisfactory 
solution was found. Perhaps other cases were dealt with similarly but no published record 
of them seems to have been made. The Research Council committee was not asked to 
consider questions of amending phraseology of the Rules or of making any additions or 
subtractions; likewise the committee has given no attention to the possible need for modi- 
fications of the Rules. Inasmuch as the original joint committee was dissolved in 1932, no 
mechanism representing the several agencies that worked together to draft the Rules has 
been available for interpreting or amending them. 

Organizations concerned with matters of stratigraphic classification and nomenclature 
have maintained or developed their own methods for obtaining reasonable uniformity in 
practice, most of them treating the 1933 statement of principles and rules as authoritative. 

The American Association of Petroleum Geologists established a Committee on Ge- 
ologic names and Correlations for the special purpose of helping members understand and 
follow the Rules in preparing publications for the Bulletin. Besides work on specific pro- 
jects, this committee has regularly furnished advice to editors of the Bulletin in connection 
with usage of stratigraphic names. 

The Association of American State Geologists has set up committees for study of 
discordant stratigraphic classification and nomenclature along various state boundaries 
and means for removing as much of this discordance as possible. The individual State 
geological surveys have their own internal control for deciding questions of stratigraphic 
nomenclature. 

The Geological Society of America has no committee on stratigraphic names but relies 


1 The Commission intends to issue two sets of serially numbered communications: (a) informal 
statements, discussions, and outline of problems, which will be designated as Notes, and (b) formal 
pronouncements consisting of declarations, opinions, and recommendations, which will be desig- 
nated as Reports. 
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on the advice of censors and an editorial board in reviewing papers submitted for publica- 
tion by the Society. 

The Geological Survey of Canada, which was not represented in the joint committee 
that prepared the Code, has a Committee on Geological Nomenclature, which has formu- 
lated rules governing stratigraphic names and terms employed in reports and map legends 
of that Survey. 

The United States Geological Survey has long had its Committee on Geologic Names, 
which by recommendations to the Chief Geologist and Director essentially controls prac- 
tice of the Federal Survey in all aspects of stratigraphic nomenclature. Many geologists 
who are not connected with the Federal Survey have referred questions of stratigraphic 
classification and nomenclature to the chairman of the Survey’s Committee on Geologic 
Names and have received informal aid. 

The several geological surveys and societies that have established internal bodies and 
procedures concerned with geologic names need these and doubtless will call on them 
throughout indefinite future time to serve the organizations. Such committees can help 
one another and can derive benefits from joint attack on common problems. 

Renewal of joint organization in 1941.—Steps looking to re-establishment of a joint 
committee, like that which had written the Stratigraphic Code, were taken in May, 1941, 
‘when the president of the Association of American State Geologists invited the other 
organizations represented in the committee of 1930-1932 to nominate geologists officially 
empowered to serve as delegates to meetings planned to be held at Boston on December 
29-30, 1941. Invitation was also extended to the Geological Survey of Canada. According 
to proposal, the purpose of the meetings was to determine the desirability of establishing 
a new joint agency designated tentatively as the Commission on Classification and No- 
menclature of Rock Units. The American Association of Petroleum Geologists designated 
M. G. CHENEY, B. F. HAkE, and E. H. SELLARDs as its representatives; the Association of 
American State Geologists named G. H. AsHiey, P. H. Price, and A. C. TROWBRIDGE; 
the Geological Society of America appointed C. O. DuNBAR, MARSHALL Kay, and W. H. 
TWENHOFEL; the Geological Survey of Canada named W. A. BELL, G. S. Hume, and G. A. 
H. Norman; and the United States Geological Survey named J. B. REESIDE, Jr., W. W. 
Rusey, and L. W. STEPHENSON. R. C. Moore, who had proposed the conference, attended 
as a State geologist and served as chairman of the meeting. The appointed representatives 
were present at the Boston meeting, except BELL, CHENEY, REESIDE, and SELLARDs. 

The delegates agreed that establishment of the suggested Commission on Classification 
and Nomenclature of Rock Units would doubtless contribute significantly to advancement 
of geology in North America by providing means for interpreting the Stratigraphic Code. 
The Commission could also best serve as agency for revising the Code from time to time 
in such particulars as should be judged desirable. The delegates concluded unanimously 
that the Commission should be organized without delay, even though war conditions made 
it unlikely that the Commission could start to function in the near future. Recommenda- 
tion was made to the heads of organizations represented at the conference that establish: 
ment of the Commission be effected as soon as conditions permitted. The conference then 
adjourned. 

During subsequent years until near the close of 1946, no meetings of the Commission 
were held nor was effort made by correspondence to undertake any joint work relating to 
stratigraphic classification and nomenclature. Most of the organizations which had been 
represented at the 1941 Boston meeting allowed Commission matters to drop, but the 
American Association of Petroleum Geologists regularly named representatives to serve 
three-year terms, one such representative being retired and a new appointment being made 
each year (B. F. HAKE, 1942~’43; M. G. CHENEY, 1942~-'44, 1044-47; J. G. BARTRAM, 
1942-’45, 1945~’48; C. W. Tomirinson, 1943-’46; W. V. Jones, 1946-49). The Commis- 
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sion did not function, however, during the years 1942-1946. 

Chicago meeting in 1946.—After VE and VJ days, in 1945, the time seemed propitious 
for resumption of efforts along the lines planned in 1941, but no specific proposals in this 
direction were made until July 2, 1946, when R. C. Moore, as chairman of the Boston 
meeting, wrote to the five agencies that had joined in planning the Commission suggesting 
call of a meeting in Chicago at the time of the Geological Society of America meetings 
there. Representatives of the American Association of Petroleum Geologists were already 
named, but it would be necessary for other organizations to designate delegates. The meet- 
ing was set for Friday, December 27, 1946, at the Hotel Stevens. The Geological Survey of 
Canada was able to name only two delegates; the others each appointed three delegates. 
Thus, fourteen duly appointed representatives assembled at Chicago at the scheduled 
meeting, as follows. 


MEMBERS OF COMMISSION ATTENDING CHICAGO MEETING 
DECEMBER 27, 1946 


GEorGE H. ASHLEY Assoc. Amer. State Geol. 
Joun G. BaRTRAM Amer. Assoc. Petroleum Geol. 
L. D. Buriinc Geol. Survey Canada 
Monroe G. CHENEY Amer. Assoc. Petroleum Geol. 
Cart O. DUNBAR Geol. Soc. America 

J. M. Harrison Geol. Survey Canada 

Wayne V. JONES Amer. Assoc. Petroleum Geol. 
MarsHALL Kay Geol. Soc. America 
*HucuH D. Miser U. S. Geol. Survey 

Raymonp C. Moore Assoc. Amer. State Geol. 
Paut H. Price Assoc. Amer. State Geol. 
Joun B. REESIDE, JR. U. S. Geol. Survey 

W. W. RuBey U. S. Geol. Survey 

W. H. TWENHOFEL Geol. Soc. America 


* Represented by JAMEs STEELE WILLIAMs as alternate. 


Adoption of articles of organization and procedure.—Attention was first given to adop- 
tion of articles of organization and procedure, a draft of which had been prepared. Satis- 
factory wording of these articles was arranged and unanimously adopted. They are pub- 
lished here for the information of all concerned, attention being directed especially to the 
statements on purposes of the Commission and those relating to procedures. It is appropri- 
ate also to emphasize the points that the Commission possesses no legislative powers and 
only in a qualified sense assumes judicial functions. Neither the agencies making appoint- 
ment of Commissioners nor any individuals are under compulsion to follow opinions or 
recommendations of the Commission. It is an advisory body, the worth of whose expres- 
sions on stratigraphic matters is to be judged on their intrinsic reasonableness and on the 
breadth of the Commission’s collective experience. The fact that minority, as well as 

“majority, views of the Commission are planned for publication may be helpful. 


ARTICLES OF ORGANIZATION AND PROCEDURE OF AMERICAN COMMISSION ON 
STRATIGRAPHIC NOMENCLATURE 


I. Name 
The name of the Commission shall be the American Commission on Stratigraphic Nomenclature. 


Il. Purposes 


The purposes of the Commission are to develop statement of stratigraphic principles, to recom- 
mend procedures applicable to classification and nomenclature of stratigraphic units, to review prob- 
oon in classifying and naming stratigraphic units, and to formulate expressions of judgment 
thereon. 
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II. Members 


The Commission shall be composed of fifteen (15) members chosen as follows: three represen- 

tatives each as designated by the 

American Association of Petroleum Geologists 

Association of American State Geologists 

Geological Society of America 

Geological Survey of Canada 

United States Geological Survey 
except that in event any of the named organizations does not designate representatives, members 
of the Commission otherwise chosen are empowered to invite participation by additional organiza- 
tions or to designate members-at-large so as to make total membership of fifteen. 

The terms of designated Commissioners shall be three (3) years, except that initial appointments 
by organizations will provide for retirement of one representative each year. Commissioners may be 
reappointed. In case of a vacancy, the agency that designated a Commissioner shall make a new 
designation to complete the unexpired term. For the purpose of determining the terms of Commis- 
sioners, a year shall be construed as the period from the end of one annual meeting of the Commission 


to the next. 
IV. Officers 


The officers of the Commission shall be a chairman and a vice chairman, who shall be elected 
annually by the Commissioners from their number. The chairman, or, in his absence, the vice 
chairman, shall preside at meetings of the Commission and shall have responsibility of maintaining 
records, supervising presentation of matters to the Commission, organizing actions and opinions 
expressed by the Commission for publication, and generally guiding the work of the Commission 
n accordance with procedures adopted by the Commission. 


V. Actions 


1. The Commission shall specify and establish procedures, including provision for obtaining 
statement of problems or cases in desired form and completeness, determination of steps in handling 
these matters by the Commission, and formulation of the Commission’s opinions, declarations, and 
recommendations. The Commission shal] exercise the option of accepting or rejecting consideration 
of questions that may be brought before it. Opportunity shall be given for recording minority as 
well as majority judgments. 

2. The Commission shall have an annual meeting for the election of officers and for transaction 
of other business that it may choose to consider, such meeting being scheduled to coincide with the 
time and place of the annual meetings of the Geological Society of America. Additional meetings 
may be called by the chairman of the Commission. A Commissioner may designate an alternate to 
act in his stead at meetings he is unable to attend. For transaction of business at meetings eight 
Commissioners or their alternates shall constitute a quorum. 

3. Much of the Commission’s work may be carried on by correspondence between times of 
meetings. 

4. A majority vote of the entire Commission is necessary for adoption of opinions, declara- 
tions, and recommendations concerning classification and nomenclature of stratigraphic units. 


VI. Publication of Actions 


The Commission shall prepare and offer for publication such record of its actions, including 
minority opinions, as it may deem significant. These statements may be issued either in the form of 
abstracts or full presentation. In cases where full statements are not published, manuscript file copies 
of such statements shall be provided and preserved for consultation by interested workers in such 
manner as the Commission may arrange. Published opinions, declarations, recommendations, or 
other actions of the Commission shall be numbered and dated in such manner as to provide suitable 
basis for ready reference and indexing. 


VII. Responsibility for Actions 


An organization making designation of representatives to serve as Commissioners shall not be 
bound in any way to observe procedures or follow judgments expressed by the Commission. Actions 
by the Commission shall be advisory and involve no commitments by other agencies, either expressed 


or implied. 
VIII. Finances 


The Commission is authorized to solicit and disburse such funds as may be needed for proper 
transaction of its functions. 
IX. Amendments 


Amendments to these articles of organization and procedure may be made at any time by ma- 
jority vote of the Commissioners. 
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After the articles of organization and procedure had been adopted, the Commission 
elected officers to serve until the close of the next annual meeting of the Commission, 
which will be in Ottawa, Canada, probably on December 30, 1947. The officers chosen were 
R. C. Moore, chairman, and M. G. CHENEY, vice-chairman. 

Program of work.—The latter part of the Chicago meeting was devoted to considera- 
tion of the manner in which the Commission might best undertake its work. Agreement 
was reached that it was undesirable, at least for the present, to begin any extensive re- 
vision of the Rules of Classification and Nomenclature of Rock Units as published in 1933. 
Desirable additions, deletions, and modifications of statements were noted in connection 
with several articles of the Rules, but it was judged best to be deliberate in making changes. 

It was decided to give attention first to individual cases or problems involving strati- 
graphic principles. Subjects for review by the Commission, which will serve as basis for 
Opinions, Declarations, or Recommendations to be published by the Commission, are 
expected to be brought forward by any person or persons interested, and questions may be 
submitted by an individual Commissioner or group of Commissioners as well as by others. 
Obviously, it is needful that presentation of a problem should be carefully and clearly 
prepared, with adequate, accurate documentation, and it is desirable that concisely stated 
arguments should be offered, pro or con, or both pro and con; finally, it is judged proper 
and desirable that one who refers a case to the Commission for study should submit state- 
ment of specific recommendations, which, if the Commission sees fit, may be adopted in 
formulating action. Sample statement of a problem incorporating these features was Jaid 
before the Commission by R. C. Moore but was not studied as to subject matter. 

Problems brought before the Commission.—Intended procedure in work of the Commis- 
sion utilizing the case method is as follows. A geologist or group of geologists prepares 
statement of a problem involving a principle or principles of stratigraphic classification, 
of nomenclature, or of classification and nomenclature, and transmits this statement to 
the chairman of the Commission. Interpretation of some rule or rules in the Code perhaps 
is involved. 

If the problem involves questions of fact (such as equivalence or lack of equivalence of 
certain beds) on which answer depends, the chairman probably will return the problem to 
the sender, explaining that the case is inappropriate for review by the Commission. 

If the problem seems to be an appropriate one, the chairman will multigraph the state- 
ment and furnish a copy to each Commissioner, requesting prompt vote for acceptance or 
rejection of the problem as an item on the Commission’s docket. 

As soon as a majority of the Commissioners indicate willingness to review the problem, 
arrangements for publication of the statement pertaining to it will be made, so that 
geologists generally may be made aware of the problem and of the Commission’s intended 
deliberation on it. Discussion will be invited for transmittal through the office of the chair- 
man to Commissioners, and, if desired, contributors may at the same time offer their dis- 
cussion for publication. 

Within reasonable time the Commission will formulate its judgment, entering it in the 
record as a published Opinion, Declaration, or Recommendation. These formal statements 
by the Commission will be serially numbered and dated for reference. This procedure may 
seem unnecessarily slow and ponderous, but present judgment of the Commission indicates 
that advance publication of problems is very desirable, and it is deemed better to proceed 
as surely as possible rather than too speedily. 

Desired organization in statement of a problem.—The Commission expressly announces 
its intention to exercise the option of receiving a problem for consideration or rejecting 
such consideration, but actions to receive or reject will be guided by judgment of the man- 
ner and extent of development of principles that may be involved. The objective of clari- 
fying our concepts of essential stratigraphic elements and stabilizing our procedure in 
classification and nomenclature of units has greater importance than means used in work- 
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ing to this end. Nevertheless, such features as clarity, conciseness, adequacy of statement, 
and, in judgment of the Commission, general uniformity of organization are extremely 
desirable attributes of any questions or propositions formally brought before the Commis- 
sion. The intent to publish these matters as they are presented is in itself sufficient reason 
to lay stress on organization. In general, convenience to a reader in being led as immedi- 
ately as possible to essentials of any case seems paramount. Pertinent supplemental state- 
ments of fact and argument may be explored in whatever detail desired. In line with this 
approach, it is suggested that framing of basic statement of any problem be confined to 
approximately two pages of double-spaced typescript and that all necessary additional 
writing, such as detailed descriptions, citation of historical data, arguments, and references, 
be organized in a supplement or supplements, which can be tied by cross index in flexible 
manner to the basic statement as desired. 

Suggested main divisions of the basic statement are the following: (1) Summary, (2) 
Statement of problem. (3) Observations pertinent to the problem, (4) Conclusions, and 
(5) Recommendations. The supplement or supplements that normally will be required if 
the basic presentation of a problem is given in most concise terms may be organized in any 
appropriate way and need have no specified limit in length. Presentation of data in graphic 
form, such as sections, correlation charts, and diagrams, is highly desirable. An ideal 
organization of a problem might be conceived as one that offers in its Recommendations a 
statement disposing of the problem in phraseology that could be adopted by the Commis- 
sion by simple act of voting to accept. 

Committee of the Cordilleran Section, Geological Society of America.—As medium for 
developing consensus of judgments of interested West Coast fellows of the Geological 
Society of America on matters coming before the American Commission on Stratigraphic 
Nomenclature or on subjects deemed suitable for reference to the Commission, a commit- 
tee has been appointed by chairman VINCENT P. GIANELLA of the Cordilleran Section, 
G. S. A. This committee is composed of S. W. MULLER, chairman, U. S. Grant, IV, J. C. 
Hazzarp, R. M. KieInpPett, E. D. McKee, C. E. WEAVER, and H. E. WHEELER. Meet- 
ings of the committee have been scheduled at Stanford University, April 11, 12, 1947. 
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NOTE 2—NATURE AND CLASSES OF STRATIGRAPHIC UNITS! 


AMERICAN COMMISSION ON STRATIGRAPHIC NOMENCLATURE 


The following statement concerning the nature and classes of stratigraphic units and 
supplemental discussion has been submitted by Raymond C. Moore to the American 
Commission on Stratigraphic Nomenclature as basis for pronouncements by the Commis- 
sion. Expressions of opinion on this subject are invited from interested geologists in the 
form of communications to the Commission through its chairman, and, if desired by con- 
tributors, discussions may be offered for publication. The subject matter here brought for- 
ward is judged to call for specially thorough study before action on it is taken by the 
Commission. For example, Commissioner H. D. Miser qualified his vote for acceptance of 
this problem by the condition that decisions should not be formulated hastily and he 
thought that approximately one year should be stipulated as requisite period for study 
and discussion. 


SUMMARY 


1. Three categories of stratigraphic units are defined: (a) time units, con- 
sisting of divisions of geologic time, (b) time--rock units, comprising divisions of 
rocks segregated on the basis of defined time spans, and (c) rock units, com- 
posed of rocks having distinctive objective characters, not delimited in any way 
on the basis of time relations. Names of corresponding time units and time- 
rock units are identical and consist of adjectives, mostly ending in an or ian 
(examples, Permian Period, Permian System). Names of rock units are nouns 
formed by combining a place name with a lithologic or classificatory rock term 
(example, Pierre shale, Carbondale formation). Recommendations are made 
to adopt procedures facilitating sharp discrimination of time and time-rock 
units on the one hand from rock units on the other. 


STATEMENT OF PROBLEM 


2. Disagreement in the thinking of many geologists on how to classify and name 
stratigraphic units seems to originate mainly from vagueness of concepts and differing 
interpretation of their various categories. The problem is presented of framing in simplest 
terms a satisfactory statement of the nature and classes of stratigraphic units. 


OBSERVATIONS PERTINENT TO PROBLEM 


3. All geologists are familiar with division of geologic time into adjoining successive 
parts called eras, and subdivisions of these in similar manner into segments called periods; 
in turn, periods are composed of major units termed epochs. These are time units. Some 
geologists think that placement of boundaries between successive time units is measurably 
arbitrary or at least defined fortuitously, whereas others judge that these boundaries reflect 
significant punctuation points in earth history and hence are natural (Suppl. 11~16). 

4. Geologists are equally familiar with major segmentation of the geologic column in 
parts corresponding with the time units. These parts comprise (a) rocks formed during an 
era, (b) rocks, called system, formed during a period, and (c) rocks, called series, formed 
during an epoch. These are time-rock units in that they consist of rocks and their span is 


1 The Commission intends to issue two sets of serially numbered communications: (a) informal 
statements, discussions, and outline of problems, which will be designated as Notes, and (b) formal 
pronouncements consisting of declarations, opinions, and recommendations, which will be designated 
as Reports. 
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defined by time. Stage is a time-rock term next below series in rank and as such is almost 
universally recognized (Suppl. 17-24). 

5. Rocks of each class—igneous, sedimentary, metamorphic—are divisible into geo- 
graphically restricted masses characterized by distinctive lithology and structural rela- 
tions. These are rock units. Despite the fact that time is involved in making rock, definition 
of such rock units in no way depends on time concepts. Rock units are the basic physical 
elements for most geologic mapping, description, and notation of mineral and fossil oc- 
currences. Kinds and abundance of fossils, minerals, and other objective features are 
commonly useful in distinguishing rock units, which include entities of differing rank 
called group, formation, member, lentil, tongue, and bed (Suppl. 25-27). 

6. Names of corresponding time units and time-rock units are the same (e.g., Devonian 
Period, Devonian System), distinction in usage being indicated by context. This category 
of names comprises adjectives variously ending in -ian, -ic, -ous, -ary, and -ene. Names of 
rock units are mostly different from those of any time unit or time-rock unit. Rock unit 
names are nouns derived from a place name combined with a lithologic term or a rock unit 
classificatory term, except that in Europe and elsewhere some rock units bear non-geo- 
graphic names. 

CONCLUSION 


7. The main source of difficulty in making a consistent, thoroughly sound approach to 
classification and nomenclature of stratigraphic units as a whole is prevalent failure by 
geologists to exclude concepts of time from consideration of the objective data on which 
alone properly defined rock units are differentiated. Recognition of essential distinctions 
in the nature of time units, time-rock units, and rock units is needed as basis for satisfac- 
tory stratigraphic classification and terminology. 


RECOMMENDATIONS 


8. Publication by the Commission of the following Declaration is recommended. 


Nature and classes of stratigraphic units.—Precision in classification and nomenclature of rock 
units demands recognition of three classes of stratigraphic units, as follows. 
a. Time units—divisions of geologic time. 
b. Time-rock units—divisions of rocks segregated on the basis of their relation to determined seg- 
ments of geologic time. 
c. Rock units—divisions of rocks segregated on the basis of objective characters deemed to have 
significance in classification; differentiation not based on time relations. 
Each class comprises units of differing magnitude. Nomenclature of time and time-rock units is 
parallel and employs adjectival names; nomenclature of rock units is independent of other units and 
employs nouns as names. In no case should the same name be employed for all three categories of 
units, although they may correspond in derivation. 


9. Endorsement by the Commission of the following Recommendation to geologists is 
advocated. 


Nomenclature of stratigraphic units For the purpose of emphasizing essential distinctions be- 
tween stratigraphic units defined by geologic time (time units, time-rock units) from those based on 
lithologic and structural features (rock units), which are independent of geologic time, it is recom- 
mended that 

a. Names of time and time-rock units shall consist of adjectives generally formed by addition of 
addition of the ending -ian or -an to a geographic name (examples, Cincinnatian Epoch, 
Canadian Series). 

b. Classificatory terms of time and time-rock units, when used with the names of these units, 
shall employ an initial capital letter (examples, Devonian Period, Devonian System, Erian 
Epoch, Erian Series). 

c. Names of rock units shall consist of nouns formed by combining a place name with a lithologic 
or Classificatory rock unit term, in accordance with existing practice (examples, Tuscarora 
sandstone, Milford granite, Tejon formation, Montana group). 

d. Classificatory terms of rock units shall employ initial lower-case letters, in accordance with 
current American practice but differing from common British custom (examples, Maquoketa 
shale, Leavenworth limestone member). 


« 
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10. Modification of Section I of the Stratigraphic Code to incorporate features of fore- 
going paragraphs is recommended. 


SUPPLEMENT 
DISCUSSION OF TIME UNITS 


11. Geologic time units can not be defined directly and exactly because no means have 
been found for measuring their span in years or for marking their boundaries precisely. 
This statement may give insufficient weight to varve studies, but if so, the generalization 
is not modified significantly. The radioactive time scale affords a few reasonably well 
checked age determinations, provided we allow latitude of a few million years in the calcu- 
lations, yet ‘radioactive measurements probably never can be applied to fixing the begin- 
ning and end points of a geologic period or epoch. Geologic time units, therefore, are de- 
termined indirectly and somewhat indefinitely. It is important to remember that definition 
of time units is based on study of divisions of the geologic column classed as time-rock 
units. 
12. Geologic time is continuous, and it is customary to think that time units neither 
offlap nor overlap those adjoining them; they divide time like markings for hours and 
minutes inscribe the face of a clock. Time units of large magnitude are divided into lower- 
rank units that adjoin so as to fill the span of the large units. Clearly, this is a rather theo- 
retical procedure that presents numerous difficulties in practical application to geochron- 
ology. If time units could be defined in terms of an uninterrupted succession of time-rock 
units occurring in a single region, these might be judged to be complete and accordant. If 
the time units are based on time-rock units occurring in different regions, however, as is 
generally the case, question arises as to the interrelation of their respective spans. 

13. The prime objective of time-unit classification is formulation of a framework that 
may serve adequately as foundation for accurate and complete recording of successive 
conditions and events in geologic history. This objective conceivably may be attained by 
definition of time units differently in separate regions but it is then necessary to correlate 
the differing sets of time units in order to obtain an integrated historical account. It is 
natural—perhaps inevitable—that time units of rank below period should be only regional 
‘in scope until solid ground for modifying and extending their applicability has been gained. 
Thus, it is judged that subordinate time units may have to be set up varyingly in different 
continents and provinces. This divergence in some regions may even extend to definition 
of periods (e.g., Karroo Period, Kamilaroi Period), but it is to be hoped that ultimately a 
single set of geologic periods will be recognized throughout the world. 

14. Time units that by definition overlap or offlap adjacent units of the same rank 
seem to be unnecessary and undesirable (Hedberg, in Schenck et al., 1941, p. 2204). They 
are a source of confusion rather than clarification of geologic history. 

15. The use of different classificatorv terms (as chron, age, phase, hemera) for time 
units lower in rank than period is judged to be unnecessary, cumbersome, and otherwise 
objectionable. The term epoch may be employed without confusion for all time unit of 
sub-period rank. 

16. The names of time units are desirably the same as those of time-rock units, for 
these categories are closely interrelated, definition of the former depending on the latter. 
The names of geologic periods are fairly well established but those applied to subdivisions 
of periods vary considerably and are not yet widely in agreement. 


DISCUSSION OF TIME-ROCK UNITS 


17. The concept of time-rock units differs fundamentally from that of rock units inas- 
much as the boundaries of time-rock units are defined by selected horizons presumed to 
represent as precisely as possible corresponding points in geologic time, whereas the 
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boundaries of rock units are not defined in such terms and frequently transect time lines. 
The time-rock units differ from time units in that the former consist of rocks. 

18. Depending on the magnitude of time span represented, and the recognized geo- 
graphic extent of given time-rock units, they may incorporate all or part of many rock 
units defined by lithology. The essential basis for differentiation of time-rock units is the 
nature and distribution of fossils. The boundaries of time-rock units may or may not be 
clearly defined in field study, and they may or may not be adapted for representation 
readily on a geologic map. Examples of time-rock units concerning which nearly all ge- 
ologists agree are the geologic system and series. The boundaries of systems and series in 
many places coincide with unconformities, but in areas of continuous sedimentation the 
common boundary of contiguous time-rock units must be defined in terms of a selected 
marker or markers among the fossils present. 

19. Examples of systems and series are familiar to all. The names of the prevailingly 
recognized geologic systems are varied in origin and are neither uniform in signification or 
word ending. Some are directly or indirectly based on geographic features, some on-promi- 
nent physical attributes of the rock succession in type regions, and some merely on relative 
position in the geologic column. All systemic names are adjectives, however, having end- 
ings in ian, ic, ous, ary, or ene; if used as substantives, the word “‘system”’’ or “rocks”’ is 
understood. This adjectival form, supplemented by habit from long training and thinking, 
leaves no geologist in doubt at any time concerning the inherent connotation of geologic 
time that is embraced in systemic terms, yet each geologist clearly understands that in 
speaking, writing, or reading about a geologic system, he is concerned with rocks. The unit 
consists of rocks but the yardstick for measuring the span and determining the limits of the 
unit is geologic time. 

20. Statements of the foregoing paragraph apply to the term series, but only with 
qualifications, because actual usage is lacking in uniformity. Geologists agree that a series 
is a primary division of a system, and that, like system, it comprises rocks set apart on the 
basis of time boundaries. They do not now agree that these primary divisions have inter- 
regional or inter-continental applicability and they are not united in judgment concerning 
criteria for defining them or naming them. Some think that both system and series are 
measurably arbitrary divisions of the geologic column that have been established more or 
~ less fortuitously because they are based mainly on observations in Europe where geologic 
science happened to have foundation and first growth; such time-rock divisions are neces- 
sary, according to these geologists, but other units than the ones we have would probably 
serve about as well. Others think that system and series reflect significant physica! events 
or changes on the earth’s surface in the course of geologic history, and they hold that with 
aid of paleontological evidence a natural time-rock classification having widespread applic- 
ability is attainable. According to either view, there is a tendency to consider systems as 
made up of not more than two or three series, which generally are designated as Lower 
and Upper, or Lower, Middle, and Upper; the scientific basis for such two- or three-fold 
limitation of series in a system seems unsound. 

21. Time-rock terms other than system and series have not been recognized generally 
or used consistently, although workers outside of North America during more than a half- 
century have established firmly the usage of stage as a time-rock term comprising a first- 
order division of series. Many substages also are defined. There is increasingly prevalent 
acceptance of stage by American geologists. 

22. The relation of time-rock units to rock units can be apprehended most clearly by 
study of diagrams showing the two kinds of units together. Examples, selected more or 
less at random, are given here—one representing Cambrian units in part of the Appa- 
lachian region (Figs. 1, 2) and another depicting Upper Cretaceous units in part of the 
Texas region (Fig. 3). Both are based on recently published correlation charts prepared by 
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the National Research Council Committee on Stratigraphy (Stephenson ef al., 1942; 
Howell ef al., 1944). The Cambrian chart recognizes three named stages in the Upper 
Cambrian Series and defines numerous zones, which are really substages named after 
characteristic fossil genera. The Cretaceous chart shows European stage and substage 
divisions, but names of American time-rock units in Figure 3 are introduced by Moore. 
Lack of parallelism between the boundaries of rock units and those of time-rock units is 
evident in both diagrams. Hiatuses indicated in the Cretaceous diagram emphasize the 
point that the Navarroan time unit (Epoch) and time-rock unit (Substage), for example, 
are by no means synonymous with the Navarro rock unit (group). 

23. The uniform use of adjectival designations and capitalization of time and time- 
rock classificatory terms (as Upper Cambrian Series, Canadian Series, Montanan Stage, 
Tayloran Substage) are judged to have much more importance than may appear on casual 
first thought. Their importance lies in furnishing invariably definite indication that all 
such terms are basically defined by time concepts, whereas other stratigraphic names (such 
as Montana group, Taylor marl, Austin chalk, Conococheague limestone, and multitudin- 
ous others) are not delimited in terms of time. One may argue that use of the am or ian 
endings and a capitalized class term for the time and time-rock units is purely a device, 
that adjectival words derived from some stratigraphic names (for example, Black River— 
Blackriveran, Finger Lakes—Fingerlakesian) are peculiarly awkward or even cacophonous 
and that writing of Period, System, etc. with an initial capital letter is entirely contrary to 
habit. These things are true. The scientific gain derived from acceptance of the proposals, 
however, is thought to more than offset any suggested disadvantages. We are well ac- 
customed to use of ia# and an endings for many time and time-rock names but not for 
others. Familiarity with the latter is likely to come rapidly once we start to use them. It is 
suggested that wherever possible time and time-rock names be written as mononomials 
(as Desmoinesian, not Des Moinesian) and that euphony is improved in some cases by 
adoption of aw rather than ian as adjectival ending (as Springeran, not Springerian). 

24. KLEINPELL (1938, p. 91), SCHENCK (1941, p. 2201) and other California geologists 
have advocated complete duality of nomenclature so as to avoid confusion between carto- 
graphic (rock) units and chronologic (time and time-rock) units. Thus, the names Relizian, 
Saucesian, Luisian, etc., introduced to designate stages in the West Coast mid-Tertiary 
section, differ in derivation from the names of any rock units. If such rock unit names as 
Monterey, Temblor, and Rincon were modified into Montereyan, Temblorian, and Rin- 
conian, for use as time and time-rock names, geologists working with these deposits have 
judged that confusion, rather than clarification, would result. Moreover, lithologically 
defined units in many places do not coincide at all with desired limits of stage divisions. A 
little study of California Tertiary stratigraphy, or merely an inspection of a regional cor- 
relation chart such as that of the National Research Council subcommittee on Tertiary 
(Weaver et al., 1944) serves to persuade one that the views of KLEINPELL and SCHENCK 
are well taken in stressing need for complete separation of time-defined units from litho- 
logically defined units. In most other regions and parts of the geologic column, however, 
no such difficulty exists. Generally speaking, therefore, no valid reason is seen for objecting 
to use of the same geographic name as source of a rock unit name (as Colorado group, 
Austin chalk), a time-rock unit name (as Coloradoan Stage, Austinian Substage), and a 
time unit name (as Coloradoan Epoch, Austinian Epoch). The adjectival form of the two 
latter sorts of units clearly identifies their time connotation. 


DISCUSSION OF ROCK UNITS 


25. Experience of geologists throughout the world during more than 150 years has 
demonstrated that the most essential first step in undertaking almost any geological study 
is observation of the nature and relations of rock masses. Differentiation of seemingly 
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significant divisions or units of the rocks is required for geological mapping, descriptions 
definition of structural relations, notation of the occurrence of fossils or mineral deposits, 
and similar purposes that serve economic utilization and conduce understanding of geo- 
logic processes and history. Methods of defining, naming, and classifying these units have 
varied widely but nearly everyone recognizes that the prime requisite of differentiation is 
physical objectivity. The boundaries of a given rock unit should be surfaces marking the 
sharpest change from characters that distinguish the unit to those of adjoined units. Such 
boundaries, if clearly marked, are likely to be drawn similarly by all geologists, and. if 
defined by one geologist, they can be recognized and confirmed by others. Thus, a wide- 
spread thick-bedded sandstone of uniform lithology, resting unconformably on various 
older rocks and overlain by shale, would probably be differentiated as a rock unit in ap- 
proximately identical] manner by any geologist. On physical and structural grounds the 
sandstone is clearly set apart from associated rocks. Likewise, a granitic mass or an area of 
schistose rocks, each characterized by common physical features, origin, and structural 
relations to adjoining rocks, may comprise natural rock units in the sense here discussed. 

26. Attention is drawn especially to the point that rock units, defined by lithologic 
characters and structural relations, in no way depend on the yardstick of geologic time. 
That is to say, concepts of geologic time spans properly play no part in differentiating or 
determining the boundaries of any such rock unit. It is true that relatively short or long 
fragments of geologic time are involved in making each rock unit—sedimentary, igneous, 
or metamorphic—but this fact is irrelevant to recognition of the unit. Study of most 
lithologically differentiated units indicates conclusively that parts belonging to the units 
in different places do not represent precisely the same time span (Figs. 1, 2). The making 
of rock that is assigned to the unit began earlier in some localities than others, and it may 
have ended sooner or lasted longer in various places; also, removal of rock material by 
erosion may reduce the span of the unit from its original value. The entire thickness of an 
overlapping sand body, for example, may be geologically younger in some areas than the 
entire thickness of the same body in others. Accordingly, it is judged that definition of 
rock units is entirely independent of time concepts and that the common tendency of 
geologists to think of rock units in terms of time is a source of much confusion. 

27. Rock units comprise masses termed groups (as, Trinity, Mesaverde, Montana), 
' formations (as Utica shale, Viola limestone, Meganos formation), members (as Platts- 
mouth limestone member, Ironton sandstone member, Montauk till member), lentils (as 
Horse Bench sandstone lentil, Franklindale limestone lentil), tongues (as Gober tongue of 
Austin chalk, Satan tongue of Mancos shale), and the like. The examples cited are sedi- 
mentary rock units. Igneous rock units are differentiated and named similarly (as Pikes 
Peak granite, Minidoka basalt, Huerto andesite, Ogima amygdaloid, Ulupau tuff, Casto 
volcanics). Metamorphic rock units are also readily illustrated by examples (as Hoppin 
slate, Manhattan schist, Northbridge granite gneiss, Taylor meta-andesite, Tufts quartz- 
ite member, Cockeysville marble). All these rock units—surface and subsurface—have 
utmost variation in physical constitution, thickness, and structural relations, but most of 
them are sheetlike tabular bodies. All are characterized by limited geographic distribution 
and all are distinguished by objectively determinable boundaries. 
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‘REVIEWS AND NEW PUBLICATIONS 


* Subjects indicated by asterisk are in the Association library, and are available, for loan, to 
members and associates. 


OIL FOR VICTORY, BY THE EDITORS OF LOOK 


REVIEW BY JOHN L. FERGUSON! 
Tulsa, Oklahoma 


*Oil for Victory, by the Editors of Look. 287 pp., including index and 2033 pp. of illustra- 
tions. McGraw-Hill Book Company, Inc., New York (1946). Price, $3.50. 


This briefly told story of the part which American oilmen played in World War IT 
follows the general literary style of Look magazine, which features a multiplicity of perti- 
nent and striking photographs linked together with sufficient text to give the story con- 
tinuity. Of the 270 pages of material, 203} pages are devoted to illustrations. Each of the 
twelve chapters averages 22} pages, 18 of which are taken up by photographs with de- 
scriptive material and the remaining 43 pages are given over to the subject matter under 
consideration. 

The book opens with a chapter establishing the pre-eminent importance of petroleum 
in war, and then proceeds chapter by chapter to depict the activities of all branches of the 
oil industry in meeting the needs of the United States military forces by greatly expanded 
efforts in discovery, manufacture, and transportation of petroleum and its products. 

Chapter 10, entitled ‘Searchers in Far Places,” covers the contributions of geologists 
and geophysicists in 33 pages of text and 123 pages of pictures, including an exposition of 
the origin of oil, the old and new exploration practises and the extent and future of 
American exploration. Chapter 11, entitled “Tundra, Sea and Jungles,” indicates the 
areas where future exploration for petroleum for American industry and defense must be 
prosecuted. 

Oil for Victory is unique among the recent attempts to popularize the oil industry by 
_ virtue of its numerous well selected illustrations. 


1 Amerada Petroleum Corporation. Review received, January 28, 1947. 


1945 REFERENCE REPORT ON CERTAIN OIL AND GAS FIELDS OF 
NORTH LOUISIANA, SOUTH ARKANSAS, MISSISSIPPI, AND ALABAMA 


REVIEW BY E. FLOYD MILLER! 
Tulsa, Oklahoma 


1945 Reference Report on Certain Oil and Gas Fields of North Louisiana, South Arkansas, 
Mississippi, and Alabama, Vol. 1. 328 pp., 1 p. correlation and nomenclature, 3 pp. 
correlation charts, 3 pls. of regional cross sections. 8.5 X11 inches. Heavy manila 
cover, plastic ring-type binder. Published by Shreveport Geological Society, Box 750, 
Shreveport, Louisiana. Price, $12.50 per copy. 


This publication may well, and justly so, be considered a bible of the oil geology of the 
area covered. In its 328 pages of descriptive data and structural geologic maps, with as- 
1 A. G. Oliphant. Review received, February 3, 1947. 
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sociated correlation charts, stratigraphic cross ‘sections, and geographical index maps, the 
authors have compiled a monumental volume. 

The initial work on this reference report was commenced in 1944 and was continued 
until its final publication in December, 1946. Adverse conditions, due to the war, caused 
many delays, and the members of the Shreveport Geological Society are to be congratu- 
lated for all their untiring and unselfish efforts expended in compiling such a wealth of 
information. 

As a preface to the Report, the Notes on Correlation and Nomenclature outline the 

stratigraphic units of the Upper Cretaceous, Comanche, and Jurassic ages with their 
regional correlations in the Coastal Plain of Texas, Arkansas, Louisiana, Mississippi, and 
Alabama. In the correlation charts one will find many new names and correlations which 
will afford the basis of future arguments. The reviewer withholds his judgment on the 
matter. 
The Report may be roughly divided into three major parts: one describing the oil and 
gas fields in Sough Arkansas; one, the oil and gas fields of North Louisiana; and the last, 
the oil and gas fields of Mississippi and Alabama. In South Arkansas 17 fields are de- 
scribed; in North Louisiana 31 fields; in Mississippi 16 fields; and one field in Alabama. The 
oil and gas fields, by states, are indexed in the front of the book. Their geographical loca- 
tion may be found by referring to an additional index, accompanied by the index map in 
the last few pages of the Report. 

Each oil and gas field is amply described under the following headings: (1) Location, 
(2) Pre-Discovery Data, (3) Discovery Well (or Wells), (4) Structure, (5) Producing Zones, 
(6) Well Spacing, (7) Well Allowable, (8) Development, (9) Deepest Well in Field, (10) 
Proven Area, (11) Production Statistics, (12) Miscellaneous Data, (13) Pipe Line Outlets. 
To accompany this is a structural contour map of the field, superimposed on a base lease 
map of the area, and stratigraphic or structural cross section of the field, compiled from 
electrical logs. In some cases only a type electrical log of the field is shown, but in these as 
well as in the cross sections the stratigraphic units are identified. 

The three plates of regional cross sections, compiled from electrical logs, in the back of 
the Report, give an excellent example of the many stratigraphic and structural problems of 
the province. 

In addition the authors have compiled an excellent index to the oil and gas fields, and 
salt domes of South Arkansas, North Louisiana, Mississippi, Alabama, and East Texas 
with an index map showing the geographic location of the fields. 

In conclusion, the authors are to be commended upon the clear, concise treatment of all 
the pertinent data regarding the various oil and gas fields and upon the excellent drafting 
of all the maps and cross sections. Many of the oil fields described in this Report are new 
and of national importance,—and from these data numerous new papers for the American 
Association of Petroleum Geologists should be written. 


RECENT PUBLICATIONS 


ALABAMA, GEORGIA, FLORIDA 


“Regional Subsurface Stratigraphy and Correlation of Middle and Early Upper 
Cretaceous Rocks in Alabama, Georgia, and North Florida,” by Paul L. Applin and 
Esther R. Applin. U. S. Geol. Survey Prelim. Chart 26, Oil and Gas Investig. Ser. (January, 
1947). 3 Sheets, each 40 X44 inches. 5 stratigraphic sections, 5 structure sections, 3 paleo- 
geographic maps, 2 structure-contour maps, thickness map, table of nomenclature, ex- 
planatory text. For sale by Director, Geological Survey, Washington 25, D. C. Price, 
$0.90 (set of 3 sheets). 
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ARGENTINA 


*“Contribucién al conocimiento geolégico del Neuquén extraandino”’ (Contribution to 
the Geology of the Territory of Neuquén), by Abel Herrero Ducloux. Bol. Inform. Petro- 
leras, Vol. 23, No. 266 (Y.P.F., Buenos Aires, October, 1946), pp. 245-81; 8 figs., 1 geo- 
logical map. Regional geology, stratigraphy, and structure; bibliography. In Spanish. 


CALIFORNIA 


*“Coalinga Oil Field,” by E. J. Kaplow. California Oil Fields, Vol. 31, No. 2 (San 
Francisco, July-December, 1945 (1946), pp. 5-22; 6 pls., 6 tables. History, drilling and 
production practice, subsurface conditions, and possibilities of deeper production and 
secondary recovery in one of the oldest fields in California. California Dept. of Nat. 
Resources, Div. of Oil and Gas. 


CANADA 


*“Searching for Petroleum in the Maritimes,” by Donald J. MacNeil. Erg. Jour. 
(Montreal, Canada, October, 1946), pp. 1-4; 2 photographs. i 

*“Major Canadian Development Seen in the Lloydminster Area,” by F. H. Edmunds. 
Oil Weekly, Vol. 124, No. 6 (Houston, January 6, 1947), pp. 16-20, International Section; 
2 figs., 1 photograph. Lower Cretaceous production from 36 wells in field on Alberta- 
Saskatchewan border, 300 miles north of international boundary. 


GENERAL 


*“Controlled Directional Drilling of Wells, Part 1,” by G. L. Kothny. Oil Weekly, Vol. 
124, No. 8 (Houston, January 20, 1947), pp. 30-33; 14 figs. 

*“Quick Freezing of Cores Preserves Fluid Contents,” by John D. Wisenbaker. Oil 
Weekly, Vol. 124, No. 8 (January 20, 1947), pp. 42-46; 6 figs., 5 tables. Permeability and 
porosity measurements made on consolidated sand cores, selected from various oil fields, 
before and after quick freezing. 

When the Oil Wells Run Dry, by Walter M. Fuchs. xiv+430 pp., 79 figs., 13 tables. 
Guide book presenting an integrated picture of oil, including social, political, and scientific 
- oil facts. Industrial Research Service, Dover, New Hampshire (1946). Price, $3.75. 

*Principle Uses of Fluorlogs,” by Orton E. Campbell. Oil Weekly, Vol. 124, No. 5 
(December 30, 1947), pp. 41-45; 2 figs. New technique uses well cuttings; based on prin- 
ciple that rocks overlying oil accumulation are characterized by anomalously high 
fluorescent intensity. 

*“Fault Problems in Fault Planes,” by R. H. Beckwith. Bull. Geol. Soc. America, Vol. 
58, No. 1 (New York, January, 1947), pp. 79-108; 19 figs. Fault problems are treated by 
sections in fault planes; several methods are given for determining pitch, and apparent 
thickness; examples include transverse faults cutting folds. 

Dictionnaire Technique des Termes du Petrole en Francais, Anglais, Russe, Allemand 
(Glossary of Technical Terms of the Oil Industry published in French, English, Russian, 
and German), 2nd edition. 488 pp. 3,000 terms arranged in alphabetical order in English, 
adjacent columns giving corresponding terms in the 3 other languages. Published by 
Groupe Frangais du Conseil de Contréle Mission des Carburants (Berlin, 1946). For sale 
by l’Association Frangaise des Techniciens du Pétrole, 44, Rue de Rennes, Paris (6°). Price, 
400 francs. 

GULF COAST 


*“Oil Possibilities on the Gulf Coast Continental Shelf,” by James S. Critz. Oil Weekly, 
Vol. 124, No. 6 (January 6, 1947), pp. 17-21; § figs., 1 table. Geological setting; exploration 
activity; ownership problem. 
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ILLINOIS 


“King Oil Field, Jefferson County, Illinois,” by Stewart H. Folk and David H. Swann. 
Illinois Geol. Survey Rept. Inv. 119 (Urbana, February, 1947). 27 pp., 8 figs. Price, $0.25. 


KANSAS 


*“Cretaceous Stratigraphy of the Belvidere Area, Kiowa County, Kansas,” by Bruce 
F. Latta. Kansas Geol. Survey Bull. 64, Part 6 (Lawrence, December, 1946), pp. 217-60; 
3 pls., 4 figs. Type area for Comanche series of Early Cretaceous age as developed in 
Kansas. 
TEXAS 


*“Stratigraphy of the Upper Cambrian, Llano Uplift, Texas,” by Josiah Bridge, 
Virgil E. Barnes, and Preston E. Cloud, Jr. Bull. Geol. Soc. America, Vol. 58, No. 1 (New 
York, January, 1947), pp. 109-24; 8 pls. Description of the 8 members of the Riley and 
Wilberns formations, with correlated, columnar sections based on 19 measured sections 


WEST VIRGINIA 


*“Expanding Frontiers of Natural Gas in West Virginia,” by David B. Reger. Oil 
Weekly, Vol. 124, No. 8 (January 20, 1947), pp. 36-39; 1 map, 1 columnar section. History 
of development; expansion of production both laterally and vertically; Ordovician pos- 
sibilities unknown, inadequately tested. 
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HONORARY MEMBERS 


The Executive committee may from time to time elect as honorary members persons who have 
contributed distinguished service to the cause of petroleum geology. Honorary members shall not be 
required to pay dues.—Sec. 6. Article III, of the Constitution. 


LIFE MEMBERS 


The executive committee may grant life membership to members who have paid their dues and 
are otherwise qualified. —Sec. 2, Article III, of the Constitution. 

On the payment of two hundred dollars ($200.00) any member in good standing shall be declared 
a life member and thereafter shall not be required to pay annual dues.—Sec. 2, Article I, of the By-Laws. 


MEMBERS 


Any person engaged in the work of petroleum geology or in research pertaining to petroleum 
geology or technology is eligible to active membership, provided he is a graduate of an institution of 
collegiate standing, in which institution he has done his major work in geology, or in sciences funda- 
mental] to petroleum geology, and in addition has had the equivalent of three years’ experience in 
petroleum geology or in the application of these other sciences to petroleum geology or to research in 
petroleum geology or technology; and provided further that in the case of an applicant for member- 
ship who has not had the required collegiate or university training, but whose standing in the profes- 
sion is well recognized, he shall be admitted to membership when his application shall have been 
favorably and unanimously acted upon by the executive committee, and provided further that these 
requirements shall not be construed to exclude teachers and research workers in recognized institu- 
tions whose work is of such character as in the opinion of the executive committee shall qualify them 
for membership. 

Active members alone shall be known as members.—Sec. 1, Article III, of the Constitution. 


ASSOCIATES 


Any person having completed as much as thirty hours of geology (an hour shall here be inter- 
preted as meaning as much as sixteen recitation or lecture periods of one hour each, or the equivalent 
in laboratory) in a reputable institution of collegiate or university standing, or who has done field 
work equivalent to this, is eligible to associate membership, provided at the time of his application for 
membership he shall be engaged in geological studies in an institution of collegiate or university 
standing; or shall be engaged in petroleum geology; and any person who is a graduate of an institution 
of collegiate standing, in which he has done his major work in sciences fundamental to petroleum 
geology or petroleum technology, and who has had the equivalent of one year’s experience in the ap- 
plication of his science to the study of petroleum geology, shall be eligible to associate membership, 
ise at the time of his application for membership he shall be engaged in investigations in the 

roader subject of petroleum geology and technology. 

Associate members shall be known as associates. 

Associates shall enjoy all the privileges of membership in the Association, save that they shall not 
hold office, sign applications for membership, or vote; neither shall they have the privilege of advertis- 
ing their affiliation with the Association in professional cards or professional reports or otherwise.— 
Sec. 3, Article IIT, of the Constitution. 


_} This list is published for the use of the members and for the information of all who wish to refer to the professional and 
business affiliations of the members. It is not a mailing address list and it is not intended to be used for circularizing or 


soliciting purposes. 


537 


4 
a 


538 MEMBERS 
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Aimer, James D., Barndall Oil Co., 427 Ricou-Brewster Bldg., Shreveport, La................. 20 
Ainsworth, David, Western Petr. Explor. Co., Wichita, Kan... ...........cccccecccesescseess 2 
ay William Ernest, Richmond Petr. Co. of Colombia, Apt. Postal 2760, Bogota, Colombia, 
||Akers, Wilburn Holt, Univ. of Oklahoma, Norman, "41 
Akkerman, Richard Pete, General Geophysical Co,, Houston, Tex... "41 
Alagood, Robert Henson, Sunray Oil Corp., 613 Tower Bldg, Jackson; Mises. *30 
Alba y Soto, Alonso de, Petroleos Mexicanos, Apt. 150, Tampico, Tamps., Mex............... "45 
Albert, Emil Richard, Jr., Mud Products, Inc., 508 Philtower Bldg., Tulsa, Okla.............. 42 
||Atbright, Charles C. Jr, Long Beach Oil Devel. Co., 255 S. Santa Clara, Long Beach, Calif... ..’45 
Albright, Emory Glenn, The Atlantic Refg. Co., St. Petersburg, "47 
Alcorn, Avary Hunt, The Atlantic Refg. Co., 1742 Milam Bldg., San Antonio, Tex............ *32 
|| Alcorn, James Munrex, Hal Roach Studios, Inc., Culver City, "42 
Aldrich, Henry R., Geological Society of America, 419 W. One Hundred Seventeenth St., New 
Alexander, Clyde Wayne, Dixie Geol. Service, 202 Tower Bldg., Jackson, Miss................ 38 
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Crebbs, Chester M. 
Crickmay, Geoffrey William 
Cullison, James S, 
Dallmus, Karl F. 
de Juana, Clemente Gonzalez 
Deming, Joseph Horace 
Desjardins, Louis Hosea 
De Sola, Oswaldo 
Dodge, John F. 
Dodson, Louita Garner 
Doell, Edward Charles 
Dozy, J ean acques 
Fenichell, Melvin Medford 
Fichter, Hans Jakob K. 
Floyd, Florin W. 
Fowler, Charles W., Jr. 
Freie, A. J. 
Fricke, Kenneth Stewart 
Funkhouser, Harold John 
Geyer, Robert Lee 
Gorman, Joseph Michael 
Gravell, Donald W. 
Guillaumin, Jacques, Jr. 
Haight, Harold W. 
Hale, Francis Ayers 
Hamilton, Clarence Edgar 
Henry, Leonard W. 
Henry, Schuyler B. 
Hill, Robert Grant 
Horton, Jack Ogilvie 
Hottinger, Arthur Felix 
Hulsewe, Gerard Jan 
J udson, J ack Finlay 
Kaye, M. Kamen 
Kehrer, Louis 
Klecker, John Benedict 
Knight, Oliver B. 
William M. 


Mencher, Ely 

Merrill, William R. 

Mix, Adrian Elroy 
Moore, Bernard Nettleton 
Morrison, Robert P. 
Muhlemann, Rudolf 
Nolan, Philip Edward 
Otamendi-Blanco, 
Pardo, Georges 
Patterson, Joseph M. 
Payne, Arthur Lawrence 
Pearce, Roy War : 
Pfeffer, Guilford Clarence 
Poulin, John A. 


: Lockett, George L. | 
My artin, Francis I. 
= a Martin, V. Dale 
McArthur, Donald 
McCluer, R. D. 
McConnell, Robert B. 
oat McDowell, Alfred Norman 


Ramsden, Charles Hugo 
Regan, John H. 

Renz, Hans Herman 
Rincones, Carlos Antonio V. 
Robie, Robert Hodges 
Rummerfield, Ben F. 
Salvador y Diaz, Amos 
Saubert, Robert William 
Schlatter, Lucas Eugen 
Scott, Gerald Hugh 
Severson, George A. 
Sohlberg, Rudolph Gust 
Spencer, Charles Grason 
Staeger, Dietrich 

Sugar, Ernst 

Sutton, Frederick A. 
Taylor, Spence Tomlinson 


MEMBERS 


Thiebaud, Charles Emile 

Thoms, Harold Wayne 

Tribbey, Roy Jackson, Jr. 

Weisbord, Norman E. 

Wenberg, Edwin Hugo 

Wheeler, Russell Benson 

White, Gordon Ashbridge 

Wilson, Joe G. 

Wilson, Thomas C. 

Winkler, Virgil Dean 

Zaikowsky, Michael Wladimir 

Zuloaga, Guillermo 
CaRIPITO 

Ackerman, Edgar Dumont 

Dahm, John N. 

Howard, Douglas Duke 

Loeffler, Richard John 


Seals, Wilburn Hale 

Simons, James A. 

Walla, Joseph, Jr. 

Yolton, James S. 
CUMAREBO 

Myers, LeMoyne Ward 

usEPpIN—Becker, Leroy Everett 

ARACAIBO 

Butcher, Walter W. 

Crews, William Edward 

Current, Andrew Max 

Davis, Irion Grady 

Dominguez-D., Jose Rafael 

Douglas, John G. 

Finley, Emmett Atkins 

Gester, Peter Warren 

Johnson, Frank Walker 
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mon, Robert Scott 
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Martin, Bethea A. 
Martin, Rudolf 

Netick, Joe 


Whipple, G. Leslie 


Maturin—Benson, Don G. 


Borger, Harvey D. 
Short, Don Clifton 
Sinclair, John Taylor, Jr. 
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atway, Josep. 

Roberts, Homer Eugene : 
Rogers, Harry Samuel 
Joseph Herbert 
Taylor, Henry Stanley 

Weber, David M. 5 
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FINANCIAL STATEMENT FOR THE YEAR 1946 


To the Executive Committee 
of The American Association of Petroleum Geologists: 


We have examined the balance sheet of Toe AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS at 
December 31, 1946, and the statement of income and surplus for the year then ended, have reviewed 
the system of internal control and the accounting procedures of the Association and, without making 
a detailed audit of the transactions, have examined or tested accounting records of the Association 
and other supporting evidence, by methods and to the extent we deemed appropriate. Our examina- 
tion was made in accordance with generally accepted auditing standards applicable in the circum- 
stances and included all procedures which we considered necessary. 

In our opinion, the accompanying balance sheet and statement of income and surplus present 
fairly the position of the THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS at December 31, 
1946, and the results of its operations for the year then ended, in conformity with generally accepted 
accounting principles applied on a basis consistent with that of the preceding year. 


(Signed) ARTHUR Younc & ComPANY 


Tutsa, OKLAHOMA 
February 4, 1947 
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FINANCIAL STATEMENT, DIVISION OF PALEONTOLOGY 
AND MINERALOGY, FOR THE YEAR 1946 


To the Council 
of Society of Economic Paleontologists and Mineralogists: 


We have examined the balance sheet of Society OF EcONOMIC PALEONTOLOGISTS AND MIn- 
ERALOGIsTs at December 31, 1946, and the statement of income for the year then ended, have reviewed 
the system of internal control and the accounting procedures of the Society and, without making a 
detailed audit of the transactions, have examined or tested accounting records of the Society and other 
supporting evidence, by methods and to the extent we deemed appropriate. Our examination was 
made in accordance with generally accepted auditing standards applicable in the circumstances and 
included all procedures which we considered necessary. 

In our opinion, the accompanying balance sheet and statement of income present fairly the 
position of Soctery or EcoNoMIC PALEONTOLOGISTS AND MINERALOGIsTs at December 31, 1946, and 
the results of its operations for the year then ended, in conformity with generally accepted account- 
ing principles applied on a basis consistent with that of the preceding year. 

(Signed) ARTHUR Younc & ComPANy 
Tusa, OKLAHOMA 
February 4, 1947 
BALANCE SHEET 
AT DECEMBER 31, 1946 


ASSETS 
CURRENT ASSETS: 
PUBLICATIONS: 
25,006 Journals of Paleontology issued prior to 1946 (comprising 4,222 
complete volumes) at $.50 per Journal.............sceeseeeceees $12,503.00 
1,065 Journals of Paleontology, issues 1 to 6 of 1946, at cost........ 1,027.60 
4,323 Journals of Sedimentary Petrology issued prior to 1946 (compris- 
ing 1,467 complete volumes) at $.50 per Journal................. 2,161.50 
209 Journals of Sedimentary Petrology, issues 1, 2, and 3 of 1946, at 
FURNITURE AND FIXTURES less reserve, $439.30.........- 98.74 


CURRENT LIABILITIES: 


Amount payable to Paleontological Society... 954.84 

DEFERRED INCOME: 

Membership dues for 1947 and 1948... 1,398.72 3,595.67 
SURPLUS: 

Net (loss) for year ended Siadind os, 1946 (perstatement attached) . (185.04) 


TOTAL AND SUBPIUB. $24,732.70 


ig 
LIABILITIES AND SURPLUS 
} 
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STATEMENT OF INCOME FOR YEAR ENDED DECEMBER 31, 1946 


INCOME: 
Membership dues and subscriptions— 
Journal of Paleontology and Sedimentary Petrology................. $ 904.00 
Journal of Sedimentary 1,251.18 $5,723.36 
Sales of back numbers— 
Donation from The American Association of Petroleum Geologists. ...... 1,500.00 
Less: Proportion of income accrued to Paleontological Society. ....... 954.84 
COSTS AND EXPENSES: 
Cost of printing— 
Journal of Sedimentary 1, 337-82 
$5,256.64 
Donation to Department of Micropaleontology of American Muscum of 
Postage, telegraph, and delivery expense... 429.79 
Adjustment for decrease in inventory of publications................. 765.32 8,805.89 


} 
as 
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MID-CONTINENT REGIONAL MEETING, WICHITA, KANSAS, 
JANUARY 15-17, 1947! 


FRANK GOUIN? 
Duncan, Oklahoma 


The Mid-Continent regional meeting of the A.A.P.G. held at Wichita, Kansas, on 
January 15~17, 1947, sponsored by the Kansas Geological Society, proved the value of this 
type of meeting from every standpoint. 

A bit of history about regional meetings may be interesting to both oldtimer and new- 
comer. 

In looking back over the history of the Association, we find that the regional meeting 
has not been a regular, or even frequent, event. Such occasional meetings in the past, held 
at various dates between annual conventions, are indeed relatively so rare that they are 
particularly memorable. Some of the members attending the current meeting will recall the 
first regional meeting of the Association, held in Denver, October 26, 27, and 28, 1922. 
“Daddy” Decker,’ then secretary, recorded 

Sixty-three papers of high scientific value were scheduled . . . and most of them. . . were pre- 
sented and discussed in the meeting. . . . The climax of the social features was reached at the Associa- 
tion dinner Friday evening in the Magnolia Room of the Albany Hotel, at which about one hundred 
and thirty were present. The program was one of great originality. Max W. Ball served admirably as 
toastmaster and the toasts included ‘Stories of My Friend The Plainsman”’ by C. H. Wegemann; 
“How Old Was Nebuchadnezzar’ and “‘How Old is Petroleum” by Rimrock Jones of Poison Spider; 
“The Interests of the Association” by W. E. Wrather; “The Making of a Pebble Pup” by E. F. 
Schramm; and “‘The Law Hound’’ and the ‘‘Rock Hound” by Wilfrid O’Leary. A number of original 
songs written for the occasion were interspersed with the toasts. 

At the close of the meeting a group of the men started Saturday evening on a trip to the Salt 
Creek field near Casper, Wyoming, but a terrible blizzard caught them on the way out from Casper, 
causing them to return to that city without reaching the field. 


“Bill” Wrather‘ stated in his presidential report covering the year 1922, 
Foremost among Association activities of the past year was the eminently successful meeting held in 
Denver during October. . . . It does not seem advisable that the Association should now be committed 
to an established policy of holding a mid-year meeting each year. . . . But mid-year meetings can be of 
such decided advantage both to the Association and to its local contingents of members that they 
should be sanctioned and encouraged, perhaps at irregular intervals, where, in the opinion of the 
executive committee, the local demand is sufficiently enthusiastic and well grounded. 


Los Angeles was the place of the second mid-year meeting, in September, 1923. Max 
Ball reported, 

There is no need to describe the mid-year meeting held at Los Angeles in September. Those who 
were there are still talking about it. These mid-year meetings widen the influence of the Association 
among oil men, bring the Association in contact with many geologists not otherwise accessible, lessen 
the dangers of sectional feeling inside the Association, and stimulate the flow of excellent material to 
the Bulletin. Though it may not be wise to hold one every year, the general idea of the mid-year meet- 
ing seems to have come to stay. 


In September of 1926 an even hundred of us collected at Denver with seventy-five 
guests to attend a joint meeting with the A.I.M.E. and the A.M.G., and Alex McCoy 
demonstrated his bulletin-board method of presenting an extended technical program in 


1 Manuscript received, January 22, 1947. 
2 Independent geologist. 


3 Charles E. Decker, “(Denver Meeting of the American Association of Petroleum Geologists,” 
Bull. Amer. Assoc. Petrol. Geol., Vol. 6, No. 6 (November—December, 1922), pp. 557-58. 


‘W. E. Wrather, “Report of the President,” ibid., Vol. 7, No. 3 (May-June, 1923) , p. 308. 
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conjunction with a short oral program. In November of the same year, the New York 
committee of the A.A.P.G. sponsored the fall meeting in New York City, and an im- 
portant result of the efforts of that committee was the Association Revolving Publication 
Fund. During the last three days of 1931, the Tulsa Geological Society sponsored the next 
mid-year meeting in connection with the annual meeting of the Geological Society of 
America, and several hundred members were present. The only meeting of the Association 


Fic, 1.—A.A.P.G, executive committee at Wichita. Left to right: Gayle Scott, editor; Edward A. 
Koester, secretary-treasurer; Monroe G. Cheney, past-president; Earl B. Noble, president; D. Perry 
Olcott, vice-president. (Photo by courtesy of Wichita Beacon.) 


outside the boundaries of the United States was the mid-year meeting of October, 1935, 
held in Mexico City, under the sponsorship of the San Antonio Geological Society. In 
October of 1937 a mid-year meeting was held in Pittsburgh when 110 members and ‘112 
guests were in attendance. The last meeting to be called a mid-year meeting was that 
sponsored by the West Texas Geological Society of Midland in El Paso from September 22 
to October 2 of 1938 when 206 members and 180 guests were given an extremely interesting 
program of papers and field trips. 

Naturally, meetings other than the regular business meeting of the Association were 
curtailed during the war years. Certainly it was a happy and fruitful thought of the 
executive committee to re-inaugurate the type of meeting that began this A.A.P.G. year 
with the Gulf Coast regional meeting held in Biloxi in late October in 1946 and sponsored 
by the Mississippi Geological Society. The fact that 477 members and 110 guests were in 
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attendance, to make a record, up to that time, for any type of meeting held between annual 
conventions, was proof enough of the value of, and the interest shown in, such meetings. 

If any member had any doubt as to the advisability of conducting regional meetings 
such doubts would have been dispelled completely at the Wichita meeting where 476 mem- 
bers and 428 guests were entertained in a manner that was perfection. It must be the long 


Fic. 2.—Officers and committee chairmen at Wichita. Front row, left to right: Gayle Scott, 
A.A.P.G. editor; M. W. Smith, reception chairman; Ear] B. Noble, A.A.P.G. president; M. J. Bore- 
ing, entertainment chairman; John L. Garlough, registration chairman. Standing, left to right: 
D. Perry Olcott, A.A.P.G. vice-president; E. C. Moncrief, general chairman; K.T. Woodman, finance 
chairman; Monroe G. Cheney, A.A.P.G. past-president; Edward A. Koester, A.A.P.G. secretary- 
treasurer; J. P. D. Hull, A.A.P.G. business manager. 
years of training in conducting those famous field trips which gives the members of the 
Kansas Geological Society the knowledge of how to arrange such a meeting so perfectly. 
While it was apparent that every member of the Society worked hard both in preparation 
for and during the meeting, space permits only mention of the committee chairmen. E. C. 
Moncrief as general chairman seemed to be everywhere at the same time. He was a very 
active member of every one of the sub-committees with special emphasis on the reception 
committee. Ed Koester as program chairman with his committee worked out a program of 
papers that were extremely well balanced, and ran them off on schedule. Millard Smith and 
his reception committee were the unsung heroes of the meeting. They handled a very 
“tight” hotel situation in a manner that created a minimum of discomfort. The registration 
committee headed Uy John Garlough plus the efficient office staff from Tulsa had things 
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working smoothly throughout. Bud Boreing and his entertainment committee must have 
performed their tasks with super-efficiency, judged by the comments of those in attendance. 
The fact that the whole meeting seemed to work smoothly proved that the finance com- 
mittee headed by K. T. Woodman must have done its job right. The list of contributors on 
the last page of the program attested to this. Gail Carpenter, president, Lee Cornell, vice- 


Fic. 3.—A.A.P.G. headquarters staff at Wichita: seated, left to right: Condray ea: ry — 
Standing, left to right: Elmer W. Ellsworth, Alyce Ruth Goodner, J. P. D. Hul 


president, and Don Payne, secretary-treasurer of the Society, presided at meetings and 
were otherwise in evidence throughout the sessions. 

The management of the Broadview Hotel, the meeting headquarters, was pleasingly 
attentive to the needs of all, and the Wichita Chamber of Commerce furnished compli- 
mentary services at the registration counter. The A.A.P.G. headquarters staff was on hand 
to assist in details of registration and in the work of various committees. 

The meeting opened at 9:00 A.M. Wednesday with a meeting of the entire membership 
of the executive committee of the Association. At the same time ‘‘Shep’”’ Lowman began 
meetings of his research committee, which meetings continued through the entire day. At 
3:00 P.M. Leo Fortier presided at a meeting of the committee on applications of geology. 
Robert Dott met with his committee on geologic names and correlations, concluding on 
Thursday morning at a breakfast meeting. Wednesday night the Kansas Geological 
Society was host at an open house in the Bamboo Room of the Broadview Hotel where 
everyone got acquainted with anyone he did not know. It was a grand get-together to the 
extent that it was possible for everybody to do all his visiting that night which probably 
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explains the very high percentage of those registered in attendance when the papers were 
presented on the two days following. 

Four papers were given on Thursday morning after the address of welcome by E. Gail 
Carpenter, president, Kansas Geological Society: “The Norman Wells Oil Field,” by J. S. 
Stewart; “Marine Pool, Madison County, Illinois, a Reef Producer,” by H. A. Lowenstam; 
“Kraft-Prusa Oil Field, Central Kansas,” by Robert F. Walters and Arther S. Price; “The 
Geneseo Uplift, Rice, Ellsworth, and McPherson Counties, Kansas,” by S. K. Clark, C. L. 
Arnett, and James D. Royds. President Earl Noble of the Association finished the morning 
session by giving a talk on ‘“‘Association Affairs.” 

The Thursday afternoon session began with an extremely illustrative talk by R. B. 
(“Ike”) Downing and V. J. (“Mike”) Mercier entitled, “Radioactivity Logs in Limestone 
Reservoirs.” They used the “flip-board,” developed for army use during the war. “Moran- 
Kisinger Field, Young County, Texas,” was given by past-president Monroe Cheney. He 
pointed out the unusually large cumulative production of one well in the field as compared 
with the average of other wells by reason of the fortunate location of that well in a rich spot 
in the field. W. Y. Pickering and C. L. Dorn presented a paper entitled, “The Rangely Oil 
Field, Rio Blanco County, Colorado,” that was especially interesting to the writer, in their 
account of the continuous core of more than 800 feet of the Weber sand zone taken with a 
diamond core bit. “‘Unusual Oil Fields in the Rocky Mountain Region of United States,” 
by C. E. Dobbin, was a very refreshing and informative review of many widespread areas 
in the region “‘Cy” knows so well. The afternoon meeting closed with a paper by L. C. 
Morgan, Caldwell Starky, and R. K. Lanyon entitled, “The Hugoton Gas Field, Kansas, 
Oklahoma, and Texas.” It was quite evident that the long time these men have been 
working in this area has made them authorities on this vast gas reserve. 

Thursday night it required two large ballrooms on the Broadview roof with an excellent 
orchestra in each to take care of the crowd. This was the beginning of entertainment for 
the women which culminated next afternoon—Friday—in an open house and style show at 
which the many women guests present were given beautiful favors for their handbags. In 
all of the entertainment for the women it was quite evident that the wives of the members 
of the Kansas Geological Society were as busy as their husbands. Mrs. John W. Inkster was 
chairman of the committee on general arrangements. Serving with her were Mrs. James I. 
Daniels, Mrs. Sherrill A. Shannon, and Mrs. Wayne Walcher. The entertainment com- 
mittee was headed by Mrs. Robert B. McNeely, with Mrs. Benton S. Brooks, Mrs. N. D. 
Clark, and Mrs. Kenneth Reid serving with her. The women guests present were unani- 
mous in their praise of the entertainment. This probably presages a large percentage of 
wives in attendance at the annual meeting in Los Angeles the last week in March. 

The first paper of the Friday morning session was by past-president Ira H. Cram 
entitled, ‘Regional Structure of the Mid-Continent Region.” It was really a foundation for 
all the papers presented at the meeting. An early publication of this paper in the Bulletin 
would be a distinct service to the members of the Association. This was followed by a paper 
by Robert M. Swesnik entitled, ‘Geology of the West Edmond Oil Field, Central Okla- 
homa.” “Geology of Hunton Limestone Cores, West Edmond Oil Field, Central Okla- 
homa,” by J. T. Richards, described the cores taken from the top to the bottom of the 
Hunton limestone. The last paper of the morning, sponsored by our sister organization, the 
Society of Exploration Geophysicists, by B. G. Swan and Baxter Boyd, entitled, ““Geo- 
physical History of the Guthrie Oil Field, Logan County, Oklahoma,” wes an interesting 
account of the geophysical history of the discovery and development of the field. 

The Friday afternoon session began with a paper by Lon B. Turk entitled, “Antioch 
Oil Field, Garvin County, Oklahoma.” “Anadarko Basin Oil Possibilities,” which was read 
by Robert R. Wheeler, was very well received in view of the interest in that general area at 
this time. It took the inimitable Harry W. Oborne to bring out the laughs when he dis- 
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cussed “‘Oil Possibilities of the Las Animas Arch and Adjacent Areas of Eastern Colorado.” 
His remarks found a sympathetic response from many of his audience who personally 
appreciated his experiences. “Geophysics in the Mid-Continent—Past Results and Future 
Application,” by G. H. Westby, was a worth-while paper on the geophysical tools used by 
the geologist and a challenge to al] geologists to put these tools to work in areas where each 
will do the most good for the time and expense involved. 

The afternoon session closed with a paper by Joseph R. Clair and Fanny C. Edson 
entitled, “Lithologic Criteria for Subdivision of the Arbuckle Dolomite in Far Western 
Kansas and Adjoining States.” 

This was the final paper of the sessions. 

At the beginning of the meeting president Noble stated, “Keyed to the twin themes 
‘Unusual Oil Fields’ and ‘Future Oil Possibilities of the Mid-Continent Area,’ this meeting 
should well fulfill the A.A.P.G.’s objective in re-establishment of the regional meeting; to 
broaden the perspective of local groups within the area of their immediate interests.” The 
slogan of the meeting was “Look Back—Then Look Forward.” There is no question that 
everyone in attendance was well repaid in coming. The value of the meeting to the younger 
members was evidenced by the large number coming from their various company duties 
from as far away as Midland, Denver, Washington, New Orleans, Houston, and Casper, 
not to mention almost every city where geologists reside in Oklahoma and Kansas. In 
future years we will wonder how we were able to get along without such meetings for so 
long a time. The writer is one who hopes they are now firmly established, and that it will 
be possible for more of the members to attend. 


j 
| | 
| 
| 
| 
| 
| 


BULLETIN OF THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
VOL. 31, NO. 3 (MARCH, 1947), PP. 650-652, 2 FIGS. 


MEMORIAL 


LON LEWIS HUTCHISON > 
(1877-1947) 


Lon Lewis Hutchison was born in Marion County, Kansas, July 26, 1877, son of 
Humphrey Lewis Hutchison and Annie D. (Smith) Hutchison. Soon after the opening of 


Lon Lewis HutcuInson 


Oklahoma to settlement, when he was a smal] boy, the family moved to Oklahoma, and 
settled on a farm a few miles north of Perry, Noble County. 

After completing thé common schools Mr. Hutchison enrolled in the preparatory de- 
partment of the University of Oklahoma at which school he remained until graduation in 
1907. In the meantime, he had become interested in the science of geology and spent two 
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summer vacations traveling in a covered wagon studying the stratigraphy of the oil fields 
of northeastern Oklahoma. 

In October, 1907, he married Miss Jessie Pennington, daughter of James E. Penning- 
ton of Norman, Oklahoma, and one of his fellow-students at the University of Oklahoma. 

After completing his work at Oklahoma he spent a year at Yale University from which 
school he received the degree of Master of Science in 1908. With the organization of the 
Oklahoma Geological Survey in July, 1908, Mr. Hutchison was appointed assistant 
director and was placed in charge of a field party that worked in Tulsa, Creek, Okmulgee, 
Muskogee, and Wagoner counties. As assistants he had Ben C. Belt, Artie C. Reed, and 
W. J. Cross. 

He was joint author of Circular No. 1 of the Survey, entitled ‘“The Oklahoma Geologi- 
cal Survey, Its Origin, Scope and Purpose’’; also of Bulletin No. 1, entitled “Preliminary 
Report on the Mineral Resources of Oklahoma.” He prepared for publication the first 
official report on the petroleum and asphalt resources of the state, published in 1911 as 
Bulletin No. 2 of the Survey, entitled “Rock Asphalt, Asphaltite, Petroleum and Natural 
Gas of Oklahoma.” 

In 1910 Mr. Hutchison opened an office as consulting geologist in Tulsa, where he 
resided until his death on January 13, 1947. He was the first man in the state to devote his 
entire time to petroleum geology. 

Soon after coming to Tulsa he organized the science department of the Tulsa High 
School. He was one of the first members of the American Association of Petroleum Geolo- 
gists. He was instrumental in the development of several early oil fields in Oklahoma, no- 
tably the Cushing jield where he was employed by the McMan Oil Company and by T. B. 
Slick. In 1913, he organized and became president of the Kanola Oil Company, and in 
1915 he owned and operated a zinc mine in the Joplin, Missouri, area. 

During the later years of his life Mr. Hutchison was an independent oil broker and was 
engaged in the real estate business, beingan active member of the Tulsa Real Estate Board 
at the time of his death. He was active in earlier years in the American Institute of Mining 
and Metallurgical Engineers, the Mid-Continent Oil and Gas Association, the Oklahoma 
Academy of Science, the City Club of Tulsa, and the Tulsa Chamber of Commerce. 

_ Mr. Hutchison is survived by his wife, who resides at 2219 East Thirteenth Street, 
Tulsa, Oklahoma; by a son, Captain Gregory Lewis Hutchison, Heidelberg, Germany; a 
daughter, Mrs. Carleton Paul Wright, Oklahoma City; and two grandchildren, Sandra 
Louise Wright and Bradley Lewis Wright. 
CHARLEs N. GouLp 
NorMAN, OKLAHOMA 

January 27, 1947 


NEWELL MORRIS WILDER 
(1908-1946) 


The death, after a brief illness, of Newell Morris Wilder, at Lisbon Veterans’ Hospital, 
Dallas, Texas, August 25, 1946, at the age of 38 years, brought to a close, a life rich in ac- 
complishment and full of promise for the future. 

He was honorably discharged in February, 1946, after four years of military service 
with the rank of Major in the United States Army. 

Newell was one of six sons of the late A. S. and Mary A. Wilder of Corbin, Kentucky. 
He is survived by his wife, the former Gertrude Skinner of Saquoit, New York, and two 
daughters, Betsy 10 and Jane 7. 

Newell was born at Corbin, Kentucky, June 13, 1908. He graduated from the Corbin 
High School in the class of 1927. He entered the Engineering College of the University of 
Kentucky in the fall of 1928. In 1931 he elected to major in geology and zoology. He re- 
ceived his B.S. in 1934 and an M.S. degree the following year. 


| 
| 


652 MEMORIAL 


Newell was active in sports and played varsity football. He is reported to have been 
the last Kentucky player to carry the ball in the last football game the Kentucky Wildcats 
played with the “Praying Colonels” of Center College of Danville, Kentucky, in 1929. 

He was a member of Phi Sigma Kappa social and Sigma Gamma Epsilon professional 
geological societies. 

Prior to his graduation he assisted in the compilation of publications for the Bureau of 
Mineral and Topographic Survey at the University. In July, 1934, he became a member 


NEWELL Morris WILDER 


of the staff of the State Department of Mines and Minerals. In that capacity, his work was 
principally along the line of petroleum geology and petroleum engineering and it was in 
these fields that he gained a wide reputation that made him an authority on secondary oil- 
recovery operations throughout Kentucky. 

He was the author of a number of technical papers dealing with air and gas repres- 
suring problems. His advice was sought by many who contemplated secondary-recovery 
activities. 

“Newt,” as he was affectionately called by his many friends, was one of those rare in- 
dividuals who thrived on hard work. When he was overburdened, the addition of another. 
assignment only brought forth a smile that signified his willingness to accept it. 

Soon after his appointment he was asked to design and supervise the construction of 
the Repressuring Laboratory that was destined to halt the rapid and premature abandon- 
ment of partially depleted oil fields in Kentucky. 

His outstanding work soon won him recognition and in March, 1937, he was offered 
a responsible position with Petroleum Exploration. He was placed in charge of their 
geological work as well as their extensive secondary oil operations. 

Upon his release from the Armed Forces, Petroleum Exploration placed him in charge of 
their Wichita Falls, Texas, office which position he was holding at the time of his death. 

D. J. Jones 
LEXINGTON, KENTUCKY 
January 20, 1947 


* 


BULLETIN OF THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
VOL. 31, NO. 3 (MARCH, 1947), PP. 653-656, 1 FIG. 


AT HOME AND ABROAD 


CURRENT NEWS AND PERSONAL ITEMS OF THE PROFESSION 


: Car es N. GOuLD, geologist of Norman, Oklahoma, gave a lecture before the Shaw- 
nee Geological Society on the “History of the Anadarko Basin and the Early Work Done 
on the Texas Panhandle,” January 23, 1947. i 


G. W. Lepper, formerly with the Petroleum Division, British Ministry of Fuel and 
Power, is associated with Burmah Oil Company, Ltd., 62 Southborough Road, Bickley, 
Kent, England. 


Witt1am W. RaAnp resigned from the Shell Oil Company, Inc., at Houston, Texas, on 
December 20, and is now living at 323 Lloyd Street, Santa Barbara, California. He was first 
employed as field geologist by Shell in 1926 in California. 


New officers of the Southeastern Geological Society, Tallahassee, Florida, were elected 
January ro: president, H. A. SELLIN, Magnolia Petroleum Company; vice-president, B. B. 
SPAULDING, The Texas Company; secretary-treasurer, Lois J. Scnutz, The California 
Company. 

R. A. ConxLIN will appreciate receiving any information about the current location 
and address of F. M. Hacksusu, with whom he was connected in consulting work. 


The following officers of the West Texas Geological Society, Midland, Texas, were 
elected on January ro: president, W. J. HitsEweck, Gulf Oil Corporation; vice-president, 
W. A. WatpscxmipT, Argo Oil Corporation; secretary-treasurer, CHARLES F. HENDERSON, 
Stanolind Oil and Gas Company. 


Rosert R. WHEELER, Eason Oil Company, Enid, Oklahoma, spoke before the 
_ Oklahoma City Geological Society on the evening of January 10. His talk was entitled 
“Oil Possibilities of the Anadarko Basin.” 


Louis G. CAMERON, Shreveport, Louisiana, has resigned as district geologist with 
Midstates Oil Corporation, and is working as an independent operator in the Mid- 
Continent and Gulf Coast areas. 


Donatp B. EIcueEr, after a 5-months’ stay in the United States, has returned to Egypt 
where he is employed by the Standard Oil Company of Egypt, Box 607, Cairo, Egypt. 


R. S. RHoADEs, formerly with the Majestic Oil Corporation, is a consulting geologist 
at 10823 Wilshire Boulevard, Los Angeles 24, California. 


DanizL A. Busca, formerly with Huntley and Huntley, Pittsburgh, Pennsylvania, is 
in the exploration department of the Carter Oil Company Research Laboratory, Box 801, 
Tulsa, Oklahoma. 


E. A. HuTcHINsON is associated with the Sunray Oil Corporation, 1007 Philtower 
Building, Tulsa, Oklahoma. He was formerly with the Bridgeport Oil Company, Inc., 
Wichita, Kansas. 


Hans PETER SCHAUB may be addressed in care of Cia. Petrolera la Estrella de Cuba, 
Oficias 104, La Habana, Cuba. Previously he spent 8 years in Venezuela with the Carib- 
bean Petroleum Company. 
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Davin B. REGER, consulting geologist at Morgantown, West Virginia, is writing a series 
of articles on natural gas production and reserves for publication in the Oil Weekly. 


Kart F. HassELMANN, president of Salt Dome Oil Corporation, Houston, Texas, and 
a pioneer in Gulf Coast marine development, has introduced a new drill barge designed to 
operate in the 15-foot waters of Matagorda Bay. 


The Fort Worth Geological Society has elected the following officers: president, C. D. 
Corpry, Gulf Oil Corporation; vice-president, RicHarp H. SCHWEERS, The Texas Com- 
pany; secretary-treasurer, RAYMOND W. DuDLEy, Pure Oil Company. 


E. O. Buck, Rowan Drilling Company, Houston, spoke before the Houston Geological 
Society, January 13, on the subject “Engineering and Geological Principles of Oil Well 
Drilling.” 


Tuomas L. Battey has left the Rothschild Oil Company to enter consulting practice. 
His address is 223 Chrisman Avenue, Ventura, California. 


KENNETH E. Bure, former head of the geophysical department, Stanolind Oil and Gas 
Company, Tulsa, Oklahoma, has resigned to accept the position of consulting geophysicist 
with Geophysical Service Inc., 1311 Republic Bank Building, Dallas, Texas. 


JosepH A. SHARPE, president of Geophysical Development Corporation, and vice- 
president of C. H. Frost Gravimetric Surveys, Inc., Tulsa, Oklahoma, spoke on “Recent 
Developments in Geophysical Exploration” before the Janvary 20 meeting of the Tulsa 
Geological Society. 


S. H. Knicut spoke on “The Physical Evolution of the Medicine Bow Mountains” at 
the January 24 meeting of the Wyoming Geological Association held in Science Hall, 
Laramie, Wyoming. 


Eior BLACKWELDER, emeritus professor of geology at Stanford University, has been 
elected an honorary foreign member of the Geological Society of London, in recognition of 
“his distinguished contributions to the advancement of geological science.”” A member of 
the National Academy of Sciences, Blackwelder is also a past vice-president of the Ameri- 
can Association for the Advancement of Science, and an honorary member of the Geologi- 
cal Society of China. He retired from active teaching in 1945, after 23 years as executive of 
the Stanford department of geology. 


New officers of the Dallas Geological Society are as follows: president, WILLIs G. 
Meyer, of Meyer and Achtschin; vice-president, JoHN M. CLayton, Seaboard Oil Com 
pany; secretary-treasurer, W. W. Newron, Geotechnical Corporation; executive commit- 
tee member, H. C. VANDERPOOL, Seaboard Oil Company. 


Henry L. Bonn has been transferred from the Phillips Colombian Oil Company to 
Phillips Venezuelan Oil Company, Apartado 19, Barcelona, Venezuela, as subsurface 
geologist on properties in eastern Venezuela. 


Following are the new officers of the Panhandle Geological Society, Amarillo, Texas: 
president, A. R. Erickson, Phillips Petroleum Company; vice-president, PAT MAHOLIN, 
Sinclair Prairie Oil Company; secretary-treasurer, ROBERT J. Gutru, Cities Service 
Company. 
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Rospert M. Swesnik, Anderson-Prichard Oil Corporation, Oklahoma City, Okla- 
homa, delivered a paper on ‘The Geology of the Southwest Antioch Field, Garvin County, 
Oklahoma” before the Tulsa Geological Society on February 3. 


Joun R. Crain, Tulsa, Oklahoma, has resigned as division geologist with Ashland Oil 
and Refining Company in order to practice as a geological consultant. His address is 1307 
South Pittsburgh, Tulsa. 


Witi1am M. Scuutz, Cities Service Oil Company district geologist, Mt. Pleasant, 
Michigan, has been elected 1947 chairman of the Michigan chapter of the American 
Petroleum Institute. 


J. P. Jonnson may be addressed in care of the Geological Exploration Department, 
Creole Petroleum Corporation, Apartado 889, Caracas, Venezuela. 


BENJAMIN A. DALEON may be addressed at 7 Merchant Street, Lucena, Quezon 
Province, Philippines. 


Henry C. Cooke, formerly with Southern Minerals Corporation, is associated with 
O. G. McCrary, consulting geologist, 224 Nixon Building, Corpus Christi, Texas. 


Norvat E. BAKER has moved from the London office of Iraq Petroleum Company, 
Ltd., to Room 930, 500 Fifth Avenue, New York 18, N. Y. He is chief geologist of the com- 


pany. 


S. E. SLipper, formerly with Canadian Western Natural Gas, Light, Heat, and Power 
Company, Ltd., is practicing as a consulting geologist, with offices at 300 Albertan Build- 
ing, Calgary, Alberta. 


ALEXANDER H. McKeEE, formerly in the Pittsburgh, Pennsylvania, headquarters of 
Gulf Research and Development Company, may now be addressed in care of Danish 
American Prospecting Company, Asanigaarden, Viborg, Denmark. ; 


Pui B. K1nc will devote the spring months of 1947 to tectonic and stratigraphic 
studies in Great Smoky Mountains National Park, Tennessee and North Carolina, where 
he is collaborating with Jarvis B. Haptry of the United States Geological Survey and 
HERMAN W. FERGuSON of the Tennessee Division of Geology. This work is a phase of a 
general investigation of the park area being undertaken by the United States Geological 
Survey. While in the field, King may be reached in care of the National Park Service, 
Gatlinburg, Tennessee. 


The Tulsa Geological Society has announced plans for a three-day field trip to be led 
by THomas A. Henpricks of the United States Geological Survey through the Ouachita 
Mountains, Oklahoma, May 8-10. The plan is to meet at Ada on the night of May 7, and 
to proceed to Atoka and McAlester on the first day, to Pittsburg, the frontal belt of the 
Ouachitas, and back to McAlester on the second day, and east to Wilburton and the Po- 
tato Hills area where the trip will terminate on the third day. Further details will be an- 
nounced at a later date by C. T. Jones, chairman of the field-trip committee. 
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The Department of Micropaleontology of the American Museum of Natural History 
is attempting to recall sets of the Catalogue of Foraminifera issued to individual subscrib- 
ers who have permitted their membership to lapse. This is being done in order that other 
individuals wishing to establish and maintain membership can be supplied with copies of 


Catalogue 
of 
Foraminifera 


Direct Inquiries To: 
DEPARTMENT OF MICROPALEONTOLOGY 


THE AMERICAN MUSEUM OF NATURAL HISTORY 
Central Pork West ot 79th Street : : : New York 24, N.Y. 


the Catalogue. New copies are not available to individuals as all of the remaining sets are 
reserved for institutions and companies. Inactive members who wish to dispose of their 
sets of the Catalogue are requested to communicate with the Department of Micropaleon- 
tology of the American Museum. Full refund of initial membership dues will be made for 
sets in good condition and all transportation costs will be paid by the Department. 
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PROFESSIONAL DIRECTORY 


Space for Professional 


Cards Is Reserved for 


Members of the Association. For Rates Apply to 
A.A.P.G. Headquarters, Box 979, Tulsa 1, Oklahoma 


ALABAMA 


CALIFORNIA 


HARRY R. HOSTETTER 
Core Drilling Contractor 


Specialist in Reverse Circulation Coring 
100% Recovery 


Monroeville, Alabama 


H. W. BELL 
Geologist and Engineer 
Consultant in Oil, Gas, Mining 
or 
Development, Production, Appraisal 


P.O. Box 388 Tel. 39-W 1136 Wild Rose Dr., Santa Rosa, Calif. 
CALIFORNIA 
PAUL P. GOUDKOFF 
J. L. CHASE Geologist 
Geologist — Geophysicist Geologic Correlation by Foraminifera 
210 Grand Avenue : and Mineral Grains 
LONG BEACH 3 CALIFORNIA 


Tel. 816-04 
Electrical and Magnetic Surveys 


799 Subway Terminal Building 
LOS ANGELES, CALIFORNIA 


VERNON L. KING 


Petroleum Geologist and Engineer 


707 South Hill Street 
Los ANGELES, CALIFORNIA 
Vandike 7087 


A, I. LEVORSEN 
Petroleum Geologist 


STANFORD UNIVERSITY CALIFORNIA 


JEROME J. O'BRIEN 
Petroleum Geologist 


Examinations, Reports, Appraisals 
Petroleum Building 
714 West Olympic Boulevard 
McCarTHY & O'BRIEN Los Angeles 15, Calif. 


ERNEST K. PARKS 
Consultant in 
Petroleum and ese Gas Development 
an 
Engineering Management 
614 S. Hope St. 
LOS ANGELES, CALIFORNIA 


HENRY SALVATORI 
Western Geophysical Company 


711 Edison Building 
601 West Fifth Street 
LOS ANGELES, CALIFORNIA 


RICHARD L. TRIPLETT 
Core Drilling Contractor 


PArkway 9925 1660 Virginia Road 


Los ANGELES 6, CALIF. 


COLORADO 


V. ZAY SMITH L. BRUNDALL 
R, McMILLAN A, R. WASEM 


Geophoto Services, Inc. 
Photogeologists and Consulting Geologists 


305 E & C Building DENVER 2, COLO. 


Cc. A. HEILAND 
Heiland Research Corporation 


130 East Fifth Avenue 
DENVER 9, COLORADO 
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COLORADO 


DAN KRALIS 
Consulting Geologist 
Eastern Colorado 


Surface, subsurface, sedimentation, stratigraphy, 
paleogeography, wells, reports 


Box 1813, Denver, Colorado 


HARRY W. OBORNE 
Geologist 


620 East Fontanero Street 
Colorado Springs, Colorado 
Main 4711 


EVERETT S. SHAW 
Geologist and Engineer 


3141 Zenobia Street 
DENVER 12 COLORADO 


ILLINOIS 


C. E. BREHM 


Consulting Geologist 
and Geophysicist 


FRANK DE WOLF 
Consulting Geologist 
601 Delaware Avenue 


New Stumpp Building, Mt. Vernon, Illinois Urbana Illinois 
J. L. MCMANAMY L. A.. MYLIUS 
Consulting Geologist Geologist Engineer 


Mt. Vernon, Illinois 


122A North Locust Street 
Box 264, Centralia, Illinois 


INDIANA 


T. E. WALL HARRY H. NOWLAN 
Geologist Consulting Geologist and Engineer 
Specializing in Valuations 
Mt. Vernon Illinois Evansville 19, Indiana 
317 Court Bldg. Phone 2-7818 
KANSAS 
C. ENGSTRAND J. D. DAVIES WENDELL S. JOHNS 


Detailed Lithologic Logs 
Kansas SAMPLE LOG SERVICE 
415 N. Pershing 
Wichita Kansas 


PETROLEUM 
GEOLOGIST 


Office Phone 3-1540 
Res. Phone 2-7266 


600 Bitting Building 
Wichita 2, Kansas 


LOUISIANA 


GORDON ATWATER 
Consulting Geologist 


Whitney Building 
New Orleans Louisiana 


WILLIAM M. BARRET, INC. 
Consulting Geophysicists 
Specializing in Magnetic Surveys 


Giddens-Lane Building SHREVEPORT, La. 
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LOUISIANA 


G. FREDERICK SHEPHERD 
Consulting Geologist 
123 Maryland Drive 
Phone AUdubon 1403 New Orleans 18, La. 


MISSISSIPPI 


G. JEFFREYS 
Geologist Engineer 
Specialist, Mississippi & Alabama 
100 East Pearl Street 
Box 2415 Depot P.O. 


R. Merrill Harris Willard M. Payne 
HARRIS & PAYNE 


Geologists 


100 East Pearl Bldg. Phone 4-6286 


Jackson, Mississippi Jackson, Miss. or L.D. 89 
MELLEN & MONSOUR E. P. THOMAS 
Consulting Geologists Geologist 
Frederic P. Mellen E. T. ‘‘Mike’’ Monsour Contract Surface Geology 
Box 2571, West Jackson, Mississippi 
112% E. Capitol St. Phone 2-1368 Miss. 


NEW MEXICO 


VILAS P. SHELDON 
Consulting Geologist and Reservoir 
Performance Specialist 
Geological Reports, Valuations, Appraisals, 
Microscopic well cutting examisation, 
well completion supervision, reservoir 

performance analyses 
Office Phone 720-W Carper Building 
Home Phone 702-J Artesia, New Mexico 


MONTANA 


HERBERT D. HADLEY 


Petroleum Geologist 
Billings, Montana 


801 Grand Ave. Phone 2950 


NEW YORK 
FRANK RIEBER BROKAW, DIXON & MCKEE 
Geologists Engineers 
Geophysicist OIL—NATURAL GAS 
Specializing in the development of new Examinations, Reports, Appraisals 
instruments and procedures Estimates of Reserves 
127 East 73d St. New York 21 alae sa a 
NORTH CAROLINA 
BASIL B. ZAVOICO 
RODERICK A. STAMEY Petroleum Geologist and Engineer 
Petroleum Geologist 
220 E. 42d St. Commerce Building 
ast Gordon Street 
Kinston Noats Canouina New York 17, N.Y. Houston, Texas 


Murray Hill 7-7591 Charter 4-6923 


OHIO 


JOHN L. RICH 
Geologist 
General Petroleum Geology 
Geological Interpretation of Aerial Photographs 


University of Cincinnati 
Cincinnati, Ohio 
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OKLAHOMA 


ELFRED BECK 
Geologist 


308 Tulsa Loan Bldg. Box 55 
TULSA, OKLA. DALLAS. TFX. 


WARREN L. CALVERT 
President 
The American Exploration Service, Inc. 


Core and Stratigraphic Drilling 
Elevation and Cotleghe Service 


811 Tradesmens Bank Bldg., Oklahoma City, Okla. 


CRAIG FERRIS 
Geophysicist 
E. V. McCollum & Co. 
1510 Thompson Bldg. 
Tulsa 3, Okla. 


WALTER E, HOPPER 
Geologist and Consultant 
Petroleum and Natural Gas 


Reports Appraisals 
Estimates of Reserves 


$10 National Mutual Building Tulsa 3, Oklahoma 


R. W. LAUGHLIN 


WELL ELEVATIONS 
LAUGHLIN-SIMMONS & Co. 


615 Oklahoma Building 
TULSA OKLAHOMA 


FRANK A. MELTON 
Consulting Geologist 
Aerial Photographs 
and Their Structural Interpretation 


1010 Chautauqua Norman, Oklahoma 


CLARK MILLISON 


Petroleum Geologist 
Philtower Building 


P. B. NICHOLS 
Mechanical Well Logging 


THE GEOLOGRAPH COMPANY 
25 Northwestern 


Oklahoma City Oklahoma 
JOSEPH A. SHARPE Cc. L. WAGNER 
Consulting Geologist 
Geophysicist Petroleum Engineering 


C. H. Frost GraviMETRIC SuRvEYS, INC. 
1242 South Boston Ave. Tulsa 3, Okla. 


Geophysical Surveys 


2259 South Troost St. 
TULSA OKLAHOMA 


WARE & KAPNER 
SAMPLE LOG SERVICE 
Wildcat Sample Leg Service 
Covering Southern Oklaboma 
John M. Ware H. H. Kapner 
Tulsa, Oklahoma 
332 East 29th Place 4-2539 


G. H. WESTBY 
Geologist and Geophysicist 


Seismograph Service Corporation 
Kennedy Building Tulsa, Oklahoma 


PENNSYLVANIA 


HUNTLEY & HUNTLEY 
Petroleum Geologists 
and Engineers 
Grant Building, Pittsburgh, Pa. 


L. G. HUNTLEY 
J. R. Jr. 
Jamgs F, SWAIN 
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TEXAS 


JOSEPH L. ADLER 
Geologist and Geophysicist 
Contracting Geophysical Surveys 
in Latin America 


Independent Exploration Company 
Esperson Building Houston, Texas 


CHESTER F, BARNES 
Geologist and Geophysicist 


Petroleum Bldg. P.O. Box 266. Big Spring. Tex. 


HART BROWN 
BROWN GEOPHYSICAL COMPANY 
Gravity 
P.O. Box 6005 Houston 6, Texas 


D’ARCY M. CASHIN 
Geologist Engineer 
Spectalist Gulf Coast Salt Domes 
Examinations, Reports, Appraisals 
Estimates of Reserves 
705 Nat'l Standard Bldg. 
HOUSTON, TEXAS 


PAUL CHARRIN 
Geologist and Geophysicist 


UNIVERSAL EXPLORATION COMPANY 
2044 Richmond Road, Houston 6, Texas 


913 Union National Bank Building 
Houston 2, Texas 


R. H. DANA 
Southern Geophysical Company 


Sinclair Building 
FORT WORTH, TEXAS 


CUMMINS, BERGER & PISHNY 
Consulting Engineers & Geologists 
Specializing in Valuations 
Ralph H. Cummins 


1603 Commercial 
Standard Bldg. Walter R. Berger 
Fort Worth 2, Texas Chas. H. Pishny 


E. DEGOLYER 
Geologist 
Esperson Building 
Houston, Texas 


Continental Building 
Dallas, Texas 


ALEXANDER DEUSSEN 
Consulting Geologist 
Specialist, Gulf Coast Salt Domes 


1006 Shell Building 
HOUSTON, TEXAS 


DAVID DONOGHUE 
Consulting Geologist 
Appraisals - Evidence - Statistics 


Fort Worth National FORT WORTH, 
Bank Building TEXAS 


J. E. (BRICK) ELLIOTT 


Petroleum Geologist 


108 West 15th Street Austin, Texas 


R. H. FASH 
Vice-President 
THE Fort WortH LABORATORIES 


Analyses of Brines, Gas, Minerals, Oil, Inter- 
pretation of Water Analyses. Field Gas Testing. 


82842 Monroe Street FORT WORTH, TEXAS 
Long Distance 138 


JAMES F. GIBBS 


Consulting Geologist and 
Petroleum Engineer 


505 City National Bank Building 
WICHITA FALLS, TEXAS 


JOHN A. GILLIN 
National Geophysical Company 


Tower Petroleum Building 
Dallas, Texas 
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TEXAS 


CECIL HAGEN 
Geologist 


Gulf Bldg. HOUSTON, TEXAS 


MICHEL T. HALBOUTY 


Consulting 
Geologist and Petroleum Engineer 


Suite 729-32, Shell Bldg. 
Houston 2, Texas Phone P-6376 


SIDON HARRIS 
Southern Geophysical Company 


1003 Sinclair Building, FORT WORTH 2, TEXAS 


L. B. HERRING 
Geologist 
Natural Gas Petroleum 


Second National Bank of Houston, Houston, Texas 


JOHN M. HILLS 


SAMUEL HOLLIDAY 


Consulting Geologist Consulting Paleontologist 
Midland, Texas Houston, Texas 
Box 418 Phone 1015 Box 1957, Rt. 17 M. 2-1134 
R. V. HOLLINGSWORTH J. S. HUDNALL G. W. PIRTLE 
PALEONTOLOGICAL LABORATORY Petroleum Geologists 
Box 51 Phone 2359 Appraisals Reports 
MIDLAND, TEXAS Peoples Nat'l. Bank Bldg. TYLER, TEXAS 
Cc. E. HYDE JOHN, S. IVY 
Geologist and Oil Prod , 
eologist an ucer Geologist 


1715 W. T. Waggoner Building 
FORT WORTH 2, TEXAS 


1124 Niels Esperson Bldg., HOUSTON, TEXAS 


W. P. 
Consulting Geologist and Geophysicist 


in MICROMAGNETIC_ SURVEYS, 
EOLOGICAL INTERPRETATIONS and COR- 
RELATIONS of seismic, gravimetric, electric and 
Magnetic surveys. 


1404 Esperson Bldg. HOUSTON, TEXAS 


H. KLAUS 
Geologist awd Geophysicist 


Kaus EXPLORATION COMPANY 
Geophysical Surveys and Interpretations 
Gravitymeter, Torsion Balance 
and Magnetometer 
Box 1617, Lubbock, Texas 


JOHN D. MARR 
Geologist and Geopbysicist 


SEISMIC EXPLORATION, INC, 
Gulf Building Houston, Texas 


HAYDON W. McDONNOLD 
Geologist and Geophysics 


KEYSTONE EXPLORATION COMPANY 
2813 Westheimer Road Houston, Texas 
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TEXAS 
GEORGE D. MITCHELL, JR. R. B. MITCHELL 
Geologist and Geopbysicist Consulting Geologist 
ADVANCED EXPLORATION COMPANY Gas 
622 First Nat'l. Bank Bldg. Houston 2, Texas Second National Bank Building 


Houston 2, Texas Capitol 7319 


P. E. NARVARTE 
Consulting Geophysicist 


Seismic Interpretations 
Specializing in Faulting and Velocity Analysis 
Current Supervision and Review 


LEONARD J. NEUMAN 
Geology and Geophysics 


Contractor and Counselor 
Reflection and Refraction Surveys 


943 Mellie Esperson Bldg. Houston, Texas 
307 Insurance Building San Antonio, Texas 
DABNEY E. PETTY J.C POLLARD 
Robert H. Ray, Inc. 
10 Tenth Street 
Rogers-Ray, Inc. 
SAN ANTOREO, TEXAS Geophysical Engineering 


No Commercial Work Undertaken 


National Standard Bldg. Houston 2, Texas 


ROBERT H. RAY 
RosertT H. Ray, INc. 


Geophysical Engineering 
Gravity Surveys and Interpretations 
Natl. Std. Bldg. Houston 2, Texas 


F, F, REYNOLDS 
Geopbhysicist 
EXPLORATIONS, INC. 


Natl. Std. Bldg. Houston 2, Texas 


HUGH C. SCHAEFFER 
Geologist and Geophysicist 
NORTH AMERICAN 
GEOPHYSICAL COMPANY 
636 Bankers Mortgage Bldg. Houston 2, Texas 


SIDNEY SCHAFER 
Consulting Geophysicist 


Seismic Reviews Interpretations 
Exploration. Problems 


Henry F. Schweer Geo. P. Hardison 
SCHWEER AND HARDISON 
Independent Consulting 
Petroleum Geologists 
426-28 Waggoner Building 
Wichita Falls, Texas 


A. L. SELIG E. JOE SHIMEK HART BROWN 
Consulting Geologist GEOPHYSICAL ASSOCIATES 
Seismic 
Gulf Building Houston, Texas P.O. Box 6005 Houston 6, Texas 
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TEXAS 


WM. H. SPICE, JR. 
Consulting Geologist 


2101-02 Alamo National Building 
SAN ANTONIO, TEXAS 


CHARLES C. ZIMMERMAN 
Geologist and Geophysicist 


KEYSTONE EXPLORATION COMPANY 


2813 Westheimer Road Houston, Texas 


HARRY C. SPOOR, JR. 
Consulting Geologist 
... Natural Gas 


Petroleum... 


Commerce Bu:rding Houston, Texas 


WYOMING 


E. W. KRAMPERT 
Geologist 


P.O. Box 1106 
CASPER, WYOMING 


WEST VIRGINIA 


DAVID B. REGER 
Consulting Geologist 


217 High Street 
MORGANTOWN WEST VIRGINIA 


HENRY CARTER REA 
Consulting Geologist 
Specialist in Photogeology 


Box 294 
CASPER, WYQMING 


GEOLOGICAL AND GEOPHYSICAL SOCIETIES 


THE SOCIETY OF 
EXPLORATION GEOPHYSICISTS 
President - 

University of Southern California, a 
Vice-President - - Cec’ owl 
physical Service, ‘Inc. 1311 Bank 
Building, Dallas, Texas 
Editor - - - 
Gravity Meter Exploration Co. 
1348 Esperson Bldg., Houston, Tex. 


Nettleton 


Secretary-Treasurer + - George E. Wagoner 
Carter Oil Company, Shreveport, Louisiana 
Past-President - - ry C. Cortes 


Magnolia Petroleum “Delle 


panne Manager - Colin C. Campbell 
213 Ritz Building, “Tulsa® Oklahoma 
P.O. Box 1614 


COLORADO 


FLORIDA 


ROCKY MOUNTAIN 
ASSOCIATION OF GEOLOGISTS 
DENVER, COLORADO 
President - - C. A. Heiland 

Heiland Research Corporation 
130 East Fifth A 
Ist Vice-President - McMillan 
Geophoto ‘Services, Inc. 
305 E& C Building 
2nd Vice-President - . W. Cullen 
1024 Continental “Oil Buildin 
Secretary-Treasurer - N. Bass 
. 8. Geological Survey, 314 Boston Bldg 


Evening dinner (6:30) and technical program 
(8:00) first Tuesday each month or by announce- 
ment. 


SOUTHEASTERN 
GEOLOGICAL SOCIETY 


Box 841 

TALLAHASSEE, FLORIDA 
President - - - - - - - - +H, A. Sellin 
Magnolia Petroleum 
Vice-President - - B. Spaulding 

The Texas Company, Box 21 
Secretary-Treasurer 

The California Company, Bee ‘371 

Meetings will be announced. Visiting geologists 
and friends are welcome. 


s J. Schulz 


i 
= 


Bulletin of The American Association of Petroleum Geologists, March, 1947 


ILLINOTS 


INDIANA-KENTUCKY 


ILLINOIS 
GEOLOGICAL SOCIETY 


President - - - + + + + + + Jack Hirsch 
Box 442, Mattoon, Illinois 
Vice-President - - + + E, E, Rehn 
Sohio Petroleum Company 
Box 537, Mt. Vernon 
Secretary-Treasurer _- + + + John B. Patton 
Magnolia Petroleum Company 
Box 535, Mt. Vernon 


Meetings will be announced. 


INDIANA-KENTUCKY 
GEOLOGICAL SOCIETY 
EVANSVILLE, INDIANA 
President_- - + + + + + Charles W. Honess 
Gulf Refining Company, Box 774 
Vice-President - + + J, Albert Brown 
Sohio Petroleum Co. 
Owensboro, Kentucky 
Secretary-Treasurer + + F, H. Latimer 
Sun Oil Company 
Evansville, Ind. 


Meetings will be announced. 


KANSAS LOUISIANA 
KANSAS NEW ORLEANS 
GEOLOGICAL SOCIETY GEOLOGICAL SOCIETY 
WICHITA, KANSAS NEW ORLEANS, LOUISIANA 
President - E. Gail Carpenter President - + - + Gordon I. Atwater 


Consulting, 240 N. Pinecrest 
Vice-President - - - - + - Lee H. Cornell 
Stanolind Oil and Gas Company 
Secretary-Treasurer - - - - - Don W. Payne 
Sinclair Prairie Oil Company 


Regular Meetings: 7:30 P.M., Geological Room, 
University of Wichita, first Tuesday of each month. 
The Society sponsors the Kansas Well Log Bureau, 
412 Union National Bank Building, and the Kan- 
sas Well Sample Bureau, 137 North Topeka. 


Consultant, 1034 Whitney Building 
Vice-President and Program Chairman- _- - 

Humble Oil and Refining Company 
Secretary-Treasurer + - + + - Philip R. Allin 

ulf Refining Company, Harvey, La. 


Meets the first Monday ef every month, October- 
May inclusive, 7:30 P.M., St. Charles Hotel. 
Special meetings by announcement. Visiting geol- 
ogists cordially invited. 


LOUISIANA 


LOUISIANA 


THE SHREVEPORT 
GEOLOGICAL SOCIETY 
SHREVEPORT, LOUISIANA 


President - - - - + - + + T.H. Philpott 
Carter Oil Company 
Vice-President - - - + + + Brame Womack 
Sohio Petroleum Corporation 
_Secretary-Treasurer - J. Ed. Lytle 


Union Producing Company 
Meets monthly, ber to May, inclusive, in the 


State Exhibit Building, Fair Grounds. All meetings 
by announcement. 


SOUTH LOUISIANA GEOLOGICAL 
SOCIETY 


LAKE CHARLES, LOUISIANA 


- + + + + + Bruce M. Choate 
Atlantic Refining Company 
Vice-President - - - - - + Roy A. Payne 

Gulf Oil Corporation 
Secretary - - - - - + W. Farrin Hoover 
Stanolind Oil and Gas Company, Box 54_ | 
Treasurer - - - - - - = W. B. Neill 
Stanolind Oil and Gas Company 


President - 


Meetings: Dinner and business meetings third 
Tuesday of each month at 7:00 P.M. at the Majestic 
Hotel. Special meetings by announcement. Visiting 
geologists are welcome. 


MICHIGAN 


MISSISSIPPI 


MICHIGAN 
GEOLOGICAL SOCIETY 


President Michi ~ Geol e. 18 Rex P. Grant 
igan ica 
_ Capitol Savings and ioe Bldg., Lansing 
Vice-President - - - - + Richard H. Wolcott 
Sohio Petroleum Company, Mt. Pleasant 
Secretary-Treasurer - - + Charles K. Clark 
Pure Oil Company, 

_ 402 2d Natl. Bank Bldg., Saginaw 
Business Manager _- - + Kenneth A. Gravelle 
Gulf Refining Company, Box 811, Saginaw 
Meetings: Monthly, November through May, at 
Michigan State College, East Lansing, Michigan. 
Informal dinners at 6:30 P.M., followed by dis- 

cussions. Visiting geologists are welcome. 


MISSISSIPPI 
GEOLOGICAL SOCIETY 
; JACKSON, MISSISSIPPI 
Presidemt - - - + + «+ « Frederic F. Mellen 
Mellen & Monsour 
Box 2571, W. Jackson Sta. 
Vice-Presidemt - - - + «+ J, B. Wheeler 
Stanolind Oil and Gas Company 
Secretary-Treasurer - H. L. Spyres 
Skelly Oil Company 
Meetings: First and third Thursdays of each 
month, from October to May, inclusive, at 7: 
P.M., Edwards Hotel, Jackson, Mississippi. Visiting 
geologists welcome to all meetings. 


: 
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OKLAHOMA 


ARDMORE 
GEOLOGICAL SOCIETY 


ARDMORE, OKLAHOMA 


President - - Robert W. Kline 
Sinclair Prairie Oil Company, Box 978 


Vice-President - - B. W. James 
Phillips Petroleum Company, Box 958 


Secretary-Treasurer - - Murrell Thomas 
e Texas Company, Box 5 


Dinner meetings will be held 4 % 00 P.M. on the 
first Wednesday of eee month from October to 
May, inclusive, at the Ardmore Hod. 


OKLAHOMA CITY 
GEOLOGICAL SOCIETY 
OKLAHOMA CITY, OKLAHOMA 


President ------++-+--- Gerald C. Maddox 
Carter Oil Company 


Vice-President ---------- Harold J. Kleen 
Skelly Oil Company 


Secretary-Treasurer ------ Frederick H. Kate 
Shell Oil Company, Inc. 
965 First National Building 


Meetings: Technical program each month, subject 
to call by Program Committee, Oklahoma City 
University, 24th Street and Blackwelder. Lunch- 
eons: Every second and fourth Thursday of each 
month, at 12:00 noon. Y.W.C.A. 


SHAWNEE 
GEOLOGICAL SOCIETY 
SHAWNEE, OKLAHOMA 
President - - + + Delbert F. Smith 
Oklahoma "Seismograph Company 
Vice-President - - - + Henry A. Campo 


Atlantic Refining Company 


Atlantic Refining Company, Box 1 


Meets the fourth Thursday of each month at 8:00 
P.M., at the Aldridge Hotel. Visiting geologists 
welcome. 


President - n G. Bartram 

Box 591, Stanolind Oil. and ae Co. 

1st Vice-President - - - - - Russell S. Tarr 
Independent, Beacon Building 

2nd Vice-President - - - John C. Maher 

U.S. Geological Survey 

Secretary-Treasurer ohn R., Crain 
Consultant, 910, World Bui ding 

Editor - - Robert F. Walters 

Box 661, Gulf Oil, Corporation 


Meetings: First and third Mondays, each month, 
from October to May, inclusive at 8:00 P.M., 
University of Tulsa, Kendall Hall Auditorium. 
Luncheons: Every Friday (October-May), Cham- 
ber of Commerce Building. 


PACIFIC COAST 


PITTSBURGH 


PACIFIC SECTION 
AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 


President - in VanCouvering 
1734 Hillside Drive, Glen ale, California 


Vice-President - - + William P. Winham 
Box 2437 Terminal Annex, Los Angeles 54 


Secretary-Treasurer - - + Clifton W. Johnson 
430 Richfield Building, Los Angeles 13 


Monthly Luncheons: First Thursday each month, 
Clark Hotel, 426 South Hill St., Los Angeles 


PITTSBURGH GEOLOGICAL 
SOCIETY 


PITTSBURGH, PENNSYLVANIA 
President - - - - - - + H. R. Brankstone 
Gulf Oil Corporation 
Vice-President - S. S. Philbrick 
United States Engineers ‘ 
W. B. Robinson 

Research and Development Company 
C. H. Feldmiller 
Equitable Gas Company 
Meetings held each month, except during the 
summer, All meetings and other activities by 
special announcement. 


TEXAS 


CORPUS CHRISTI GEOLOGICAL 
SOCIETY 


CORPUS CHRISTI, TEXAS 


President_- - - - + W. E. Gr 
The Texas Company, 902 Jones Building 
Vice-President - - Dale L. Benson 
Sinclair Prairie Oil ‘Company, Box 480 


Secretary-Treasurer - - O. G. McClain 
Consultant, 224 Nixon “Building 


Regular luncheons, every Wednesday, Petroleum 
Room, Plaza Hotel, 12:05 Special night meet- 
ings by announcement. 


DALLAS 
GEOLOGICAL SOCIETY 
DALLAS, TEXAS 
President - - - + + Willis 
Me er and Achtschin 
502 Continental Building 
Vice John M. Clayton 
aboard Oil Company 
Continental Building 
Secretary-Treasurer - - W. W. Newton 
Geotechnical Corporation, Box 7166 
Executive Committee - - - - H.C. Vanderpool 
Sask a Oil Cc pany 
Meetings: Monthly luncheons by announcement. 
Special oight meetings by announcement 


G. Meyer 
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TEXAS 
EAST TEXAS GEOLOGICAL FORT WORTH 
GEOLOGICAL SOCIETY 
TYLER, TEXAS FORT WORTH, TEXAS 
President T. H. Shelby, Jr. 
Hum ble Oil and “Refining Company President - - - + + + + - C. D. Cordry 
Vice-President - + - - - George N. Ely Gulf = een 
Continental Oil Company 1290 
907 Peoples Bank Building Vice-President - - - R.H. Schweers 
Secretary-Treasurer - - B. F. Murphy The Texas Company, 1720 
Amerala Petroleum Corporation Secretary-Treasurer - - - + R. W. Dudley 
Box 2026 se Company 
2107 


pe: Each week, Monday noon, Blackstone 
otel. 

Eveni meetings and programs will be an- 
nounced. Visiting geologists and friends are 
welcome. 


Meetings: Luncheon at noon, Hotel Texas, first 

and third yo of each month. Visiting geol- 

—: and friends are invited and welcome at 
meetings. 


HOUSTON 
GEOLOGICAL SOCIETY 
HOUSTON, TEXAS 
President - - G. Gray 

Consultant, 1713 Esperson 
Vice-President - - - + - Charles H Sample 
Huber Corporation 
721 Bankers Mortgage —, 

Secretar: Childers 
Gulf “oil Corporation, "2100 
Treasurer - - - - + + Wayne Z. Burkhead 
Union Oil Company of California 
1134 Commercial Bldg. 


Regular meeting held the second and fourth Mon- 
days at noon (12 o'clock), Mezzanine floor, Rice 
Hotel. For any Ss pertaining to the meet- 
ings write or call the secretary. 


NORTH TEXAS 
GEOLOGICAL SOCIETY 
WICHITA FALLS, TEXAS 


President - - - - + Dolph S. Simic 
Bay Petroleum 


Vice-President - - - Lynn L. Harden 
Sinclair Prairie Oil 


Secretary-Treasurer - - - T. Richards 
Consulting, 1709 inti Street 


Meetings: Each week, eng 12:30 P.M., Texas 
Electric Auditorium; Each month, first Thursday 
evening. Special ni ght meetings announced. All 
always welcome. 


SOUTH TEXAS GEOLOGICAL 
SOCIETY 


SAN ANTONIO, TEXAS 


President - - - « Davis 

Peerless Oil and Gas Bailding’ 

2023 Alamo National Buil 
Vice-President - Marion J. Moore 
Transwestern Oil Company, 1600 Milam Building 
- - + Paul B. Hinyard 

11 Oil Company, Inc. 

2000" ‘Alamo National Building 


Meetings: One regular meeting each month in San 
Antonio. Luncheon every Monday noon at Milam 
Cafeteria, San Antonio. 


WEST TEXAS GEOLOGICAL 
SOCIETY 


MIDLAND, TEXAS 


Gulf Oil Corporation, 115 


Vice-President - - - - -W. a 
Argo Oil Corporation, BA 1814 


Secretary-Treasurer - - + Charles F. Henderson 
Stanolind Oil and Gas Company, Box 1540 


Meetings will be announced. 


WEST VIRGINIA 


WYOMING 


THE APPALACHIAN GEOLOGICAL 


OCIETY 
CHARLESTON, WEST VIRGINIA 
P. O. Box 2605 
- Veleair C. Smith 
901 Kanawha Valley Building 

- W. B. Maxwell 

United Fuel Gas Company, Box 1273 
Secretary-Treasurer - - R. L. Alkire 
605 Union Building 

Box 1433 
Meetings: = month, except 
fam: uly, and August, at 6:30 P.M., awha 


J. D. Castner 


WYOMING GEOLOGICAL 
ASSOCIATION 


CASPER, WYOMING 
P. O. Box 545 
President - - - + + Rolland W. McCanne 
Ohio Oil Company 
1st Vice-President - - - ~- Thomas C. Hiestand 
Cities Service Oil Company 
Secretary-Treasurer - - - Frank A. Morgan, Jr. 
British American Oil Producing Company 


Informal luncheon meetings every Friday, 12 noon, 
Townsend Hotel. Visiting geologists welcome. 
Special Meetings by announcement. 


Fr 
| 
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KING “FRONT-END” WINCH 


for Civilian Willys Jeep 


The Model 100 King Winch for Civilian Willys Jeep incorporates the 
same dependable features that have been used for years on passenger cars 
and half ton pick-ups in the oil fields all over the world. These rugged 
and dependable features together with the latest improvements, such as 
centralized lubrication and improved drive-shaft suspension, assure a 
“front-end” winch that will give trouble-free service and long life. 


Power for the winch is taken from the front end of the engine crankshaft 
by means of a solid sheave and a patented sliding clutch using rubber con- 
tact blocks to absorb shock and misalignment. This clutch assures a positive 
drive, eliminates slippage, and can be engaged or disengaged at any time 
(even under load and with engine idling), 

The winch sets directly in the center on front of the Jeep and is easily and 
safely operated by one man. Recommended cable 150’ 5/16” 6 x 19 hemp 
center wire rope. 


Weight of complete installation 126 lbs. Speed ratio cable drum to engine 
72 to 1. 


Sold Exclusively Through Willys Distributors and Dealers 


KOENIG IRON WORKS 


2214 Washington Ave. HOUSTON 10, TEXAS 


i 
ae 
‘ 
: 


h tocilities in 


field cre 


United States and in South America. Western service is available for surveys in any part of 


“the world. Inquiries are invited. 


aed proven interpretation technique, Western Geophysical Company meets every 
que, Western: Company meets every 
gaquirement of operators desiring a complete and well-rounded geophysical service. 
of operators desiring a complete and wet srounded @eophysical service. 
Western's seismic and gravity crews are now operating in all parts of the 
} 
EDISON BLDG... LOS ANGELES 13. CALIE. FIRST NATIONAL BANK BLDG. DALLAS =XAS 
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MPLE MACHINE 


STANDARD EQUIPMENT 
ON ALL SHALE SEPARATORS 


In addition to doing a thorough job of reconditioning drilling mud, the Thompson 
Shale Separator provides geologists with accurate foot by foot samples of cuttings 
and mud. By pushing a lever, part of the flow of mud is diverted into the Sample 
Machine. Here the mud is separated into ... shale and abrasives . . . drilling mud 
. .. and deposited into two, easily accessible, catch basins. Many operators claim 
this alone is worth the entire cost of the Thompson Separator. Look for the Sample 
Machine on the Thompson Separator . . . it's the field-tested method of obtaining 


dependable samples. 


THOMPSON TOOL CO. 


1OWA PARK, TEXAS 


KEEPS DRILLING MUD CLEAN — PROVIDES TRUE SAMPLES OF CUTTINGS 


of... 7 IK 
| CUtting Samp] | 
| Wick 
| 


SICAL CO 


GEOPHYSICAL 


CORE DRILLING 
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TRIANGLE BLUE PRINT & SUPPLY COMPANY 
We Repair 
ALL BRANDS OF MICROSCOPES AND SURVEYING INSTRUMENTS 
LET US GIVE YOU AN ESTIMATE ON YOUR WORK 


12 West Fourth Street, Tulsa, Oklahoma 


TECTONIC MAP OF SOUTHERN CALIFORNIA 
By R. D. Reep J. S. 


In 10 colors. From “Structural Evolution of Southern Californi 208 
ie, le, % inet 90. Map and 4 structure sections on strong 
tube, postpai 


The American Association of Petroleum Geologists, Box 979, Tulsa 1, Oklahoma 


The Annotated Bibliography of 
Economic Geology Vol. XVI 


Orders are now being taken for the entire volume at $5.00 or for individual numbers at 
$3.00 each. No. 1 of Volume XVI is in press. Volumes I-XV can still be obtained at $5.00 each. 

The number of entries in Vol. XV is 1744. 

Of these, 381 refer to petroleum, gas, etc., and geophysics. They cover the world, so far 
as information was available in war time. 

If you wish future numbers sent you promptly, kindly give us a continuing order. 


An Index of the 10 volumes was issued in May, 1939. Price: $5.00 
Economic Geology Publishing Co. 
Urbana, Ulinois, U.S.A. 


GEOPHYSICAL SURVEYS 
UNIVERSAL EXPLORATION COMPANY 


2044 Richmond Road 


HOUSTON 6, TEXAS 
Paul Charrin, Pres. — John Gilmore, V.P. — C. C. Hinson, V.P. 


AERIAL PHOTOGRAPHY 
RECONNAISSANCE MOSAICS 
PRECISE AERIAL MOSAICS 
TOPOGRAPHIC SURVEYS 


For information write Department H 
AERO SERVICE CORPORATION 
Since 1919 
PHOTOGRAMMETRIC ENGINEERS 
236 E. Courtland Street, Philadelphia 20, Penna. 


| xxiv | 
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‘ 

The yardstick for measuring tHe of any 

service accuracy af qualification 

that comes only wit long sn diversivie® experience- 
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SPECIFY 


STECLFLO 


with strengthened 
point structure and 
flight stability. 


WHICH GIVES YOU 


MAXIMUM 
PENETRATION 


improved rolled bead 
burr. 


BURRFREE 
for all jobs where 
smooth inner surface — 
of pipe is necessary |— 
and a slight reduction 

in penetration is not 

vital. 


SEMI-MUSHROOM 
FULL-MUSHROOM 


for casing removal 
andcement fracturing. 


Smooth inner pipe surface. 
Less penetration than with 
Steelflo. 


Holes larger than bullet. 
Less penetration than 
Steelflo. 


for establishing circulation 

in stuck tubing or other => 
Purpose where smoll orifice 

is desired. 


Hole same size as bullet. 
Reduced burr. 


INN 


PUNCH 
for perforating the | 3 Hol. 
inner of two strings. 

® 


On Your Next Job... cai 


in your Lane-Wells representative and 
discuss with him the selection of bullets 


to get the best results. 


= A ono decide which. Lone ‘Wells Bullets sh pictbe usec 
H 
~ 
PERFOR. 
: 
tor Angeles * Houston Oklohomo City 
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SEISMIC SURVEYS 


KEYSTONE EXPLORATION COMPANY 


OFFICES AND LABORATORY 
2813 WESTHEIMER ROAD 


HOUSTON e TEXAS 


OPHYSics te 
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NATIONAL STANDARD BLDG. 


VEWERUELA 
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Time saved when changing rods means more pro- 
duction time ... greater footage in a day, with 
consequently lower costs. Set screws are eliminated 
... rods are chenged without stopping rotation... re- 
leased or held hydraulically, requiring minimum labor. 


Dismantled, the Suilivan “200” demon- 
SOK strates its portability. Strong, rigid steel 
: mast of welded construction .. . de- 

signed formaximumioadcarrying capacity. 


> 
Se 
if 
Seu 


GORE DRILLING 


ELECT 


Completely self- 
contained . . . mast 
raised and lowered 
hydraulically . . . 
capacity 20,000 Ib. 
drilling string ... 
drills holes to 2500 
feet in depth. 


RICAL LOGGING AN 


M-HOLE PRODUC 


TION 


‘ \ 
1S 
R STING AL UN. d % 
INGER 
Neral Offices: Henry W. Oliver Bldg,, Pittsburgh, Pennsylvania 


‘tamination from squeeze jobs have presented two difficult drilling 


PROVIDES 
FASTER, MORE ECONOMICAL 
AND BETTER COMPLETIONS 
IN HACKBERRY FIELD, LOUISIANA 


Salt contamination from upper shale formations and cement con- 


mud problems in the Hackberry field, Louisiana. Attempts to solve 
them with the use of ordinary clay colloids resulted in the use of 
excessive amounts of clay and chemicals and the need for six 
to ten hours of rig time to condition the mud. 

One operator solved both problems by converting to a high- 
pH, lime--IMPERMEX mud several hundred feet above the 
producing sand. RESULT: He lowered the total mud cost, the 
rig time, and the water loss of the mud used to drill into 
the pay zone. 

Any one of these factors—cost, time saved, mud im- 
provement—would have justified the use of IMPERMEX. 
But IMPERMEX scored on all three counts! 

The chart below shows graphically the superior results 
obtained by using IMPERMEX in the Hackberry field. 


PATENT LICENSES unrestricted os to sources of supply of 
materials, but on royalty bases, will be gronted to oil 
componies and others desiring to practice the su’ sry tter of any 
ond/or all of United Stotes Patents Numbers 1,807,082; “199 991. 637, 
2,041,086 ; 2,044,758; 2,064,936; 2,094,316; 2,119, 829; 2,214,- 
366; ‘2,294, 7; 2,304,256; 2, 387 694; 2,393, 165 and 

thereof. hold 


” to the Los Angeles office. 
MUD and CHEMICAL COST BAROID PRODUCTS: ANHYDROX © AQUAGEL* AQUAGEL 
CEMENT ¢ BAROCO BAROID FIBERTEX © IMPERMEX 


Well “A” was drilled using the tional chemically treated clay mud. Well “B”, using JELFLAKE e MICATEX © SMENTOX ¢ STABILITE © ZEOGEL 


the same rig and crew, and drilling to the same depth, converted to an IMPERMEX mud 
before reaching the pay zone. TESTING EQUIPMENT e BAROID WELL LOGGING SERVICE 


SALES DIVISION 
NATIONAL LEAD COMPANY 


BAROID SALES OFFICES: LOS ANGELES 12, TULSA 3, ' HOUSTON 2 


COMPLETION TIME 
(Days) 


WATER LOSS 
CC. -API 


| 
| 
| 
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GRAVITY MAGNETIC. SURVEYS. 


| 
‘As the es rablishment of de oil reserves | 
geophysical surveying experience and 
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(FOR CABLE TOOL OPERATORS ONLY) 


Is Line A Longer Than Line B? 


Things are not always what they appear to be, and that is why mod- 
ern geologists use the Baker Cable Tool Core Barrel to secure a true 
cross section of the actual formation for detailed examination and 
analysis.—This simple, long-lasting tool is easy and inexpensive to 
use, and consistent results always pay their own way. Take time to 
look on Pages 370-374 of the 1944 Baker (or Composite) Catalog, 


or ask any Baker representative for the facts. 


BAKER TOOLS,INC. 


Houston * LOS ANGELES ¢ New York 


The influence of angles of varying degrees makes Line A appear to 
be far longer than Line B, yet both measure the same. Geometry 


tbounds in such optical illusions. 


| 
| 
' 
| 
| 
| 
J 


WE'LL GLADLY SEND YOU A FREE COPY of 


“How to FILE Well Logs Economically and How to FIND Them Quickly!” 


This Brochure is the result of years of study, research and experience with graphic 
and electric well logs. The ROSS-MARTIN COMPANY (a Division of the Mid-West 
Printing Co.) has been in the business of solving record-keeping problems of the oil 
industry for 31 years. Its KRAFTBILT all-steel, sectional Well Log Cabinets, for filing 
4,000 ft. and 6,000 ft. well logs, have been in use for many years. Now, with the release 
of steel, it is ready to announce its new, specially-designed KRAFTBILT Electric Well 
Log Filing Cabinets for housing all kinds of electric well logs. 


Use the coupon below and get your FREE copy of the Brochure which tells about these 
handy, easy-to-use KRAFTBILT Cabinets and how they solve the filing problems for 
the geologist. 


ROSS-MARTIN COMPANY 
P.O. Box 800, Tulsa 1, Okla. 


Please send me today, without charge, a copy of 
“How to FILE Well Logs Economically.” 


| 

| 
* 
| 
| 
| 
| 
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Seismograph Equipment 
Manufactured by 


NORTH AMERICAN 


This equipment as well as the Portable Gravity Meter, 
other geophysical apparatus and precision equipment is 
manufactured in our own Laboratories. 


REFLECTION SEISMOGRAPH 
UNITS 


This complete 16 channel, dual recording unit is mounted in a 
special stainless steel body, having two power driven cable 
reels, completely wired, tested and ready for field service. 
Amplifiers have full, automatic amplitude control and complete 
rejection of 60 cycle power line interference. It has inverse feed 
back filters, 6 filter settings controlled by selector switch on 
instrument panel, which makes it possible to obtain any 6 filter 
curves. Interchangeable plug-in type filter units make it possible 
to readily change complete system of filter curves. Dual output 
is available, providing for mixed and unmixed recording simul- 
taneously. Light weight seismometers are furnished with either 
fluid or electro-magnetic damping. 


PORTABLE CABLE REEL 


This light-weight reel, designed for use in areas inacces- 
sible by truck, carries 1200 feet of cable and is worn on 
the back or chest. When laying cable it is worn on the 
back, the cable unreeling as the operator walks along. 
When reeling in, it is worn on the chest, and the cable 
wound on the drum by the crank as the operator walks 
along. Wide web belting assures comfortable fit. The 
complete reel weighs only 5 pounds. Weight with 1200 
feet of tapered seismograph cable is only 23 pounds. 
The reel is available with or without cable. 


NORTH AMERICAN GEOPHYSICAL COMPANY 


Gravity-Magnetic-Seismic Surveys Geophysical Apparatus 
2627 Westheimer Rd. Keystone 3-7408 
Houston 6, Texas 
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Oil exploration now offers you 


more value per contract dollar 


... the result of Independent's 
14 years of continuous 
seismograph experience 


The comparative cost of geophysical work depends on the time 
and effort required to arrive at the desired results. The value of 
these results depends on the competence of the crews doing the 
work. 

One of the pioneers in the development of seismic exploration 

for oil reserves, Independent offers you a combination of improved 
efficiency and long experience that assures you of a profitable re- 
‘turn on your investment. 


Your inquiries are invited. 


| 
EXPLORATION 
S32 
ESPERSON BUILDING HOUSTON, TEXAS 


XXXViii Bulletin of The American Association of Petroleum Geologists, March, 1947 


GEOLOGY OF THE BARCO CONCESSION 
REPUBLIC OF COLOMBIA, SOUTH AMERICA 
BY 


FRANK B. NOTESTEIN, CARL W. HUBMAN AND JAMES W. BOWLER 
(PUBLISHED WITH THE PERMISSION OF THE COLOMBIAN PETROLEUM COMPANY) 


@ This is a separate (‘‘reprint'') from The Bulletin of the Geological Society of America, October, 1944 


51 pages, 4 full-tone plates 
@ 10 columnar sections and stratigrahpic correlation charts, | structural contour map, | water analysis chart 


®@ Geological map and 2 cross sections in colors (folded insert, approx. I5 x 30 inches) 
PRICE, 50 CENTS, POSTPAID 
Order from 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA 1, OKLAHOMA, U.S.A. 


THE GEOTECHNICAL CORPORATION 


Roland F. Beers 
President 


P.O. Box 7166 
D4-3947 Dallas, Texas 


C. H. FROST GRAVIMETRIC 
SURVEYS, INC. 


C. H. Frost, President Josep A. SHanrpe, Vice-President 
GRAVIMETERS manufactured under license from Standard Oil 
Development Company 


GRAVIMETRIC AND MAGNETIC SURVEYS carefully con- 
ducted by competent personnel 


GEOLOGIC INTERPRETATION of the results of gravimetric 


and magnetic surveys 


1242 South Boston Avenue Tulsa 3, Oklahoma 
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OSCILLOGRAPH RECORDS TELL THE STORY... 


The accuracy of seismic surveys depends, in a large measure, upon 
the design and precision of your oscillographs . . . To build seismic 
instruments that are accurate and dependable, requires extensive 
engineering and production facilities... Because the Heiland organ- 
ization has these facilities, Heiland oscillographs have earned 
the confidence of oil exploration men throughout the world... 
Write for complete information on all types of seismic recorders. 


Corporation 
"DENVER 
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Announcing the Second Edition 
Revised and Enlarged 
THE GEOLOGY OF 
VENEZUELA AND TRINIDAD 
ALEXANDER LIDDLE 
A prehensive, sy ic treatise on the physiog- 
raphy, stratigraphy, general structure, and economic 


geology of the United States of Venezuela and the 
British Island of Trinidad. 


xlvii + 890 pages, 6 x 9 inches, 180 half tones, 27 
sections and maps, correlation chart, a real geologic 
map, and map showing mineral deposits, major struc- 
tural features, and exploratory tests for oil. 


Formations from Archeozoic through Recent are named, 
described, correlated, and mapped. All important 
mineral deposits are di d. Producing oil fields 
are described; their location, general structure, depth 
to and character of producing horizons, gravity of 
oil, and amount of production are given. The book 
should be of special assistance to petroleum geologists 
and oil operators, as well as to those interested in 
the more academic phases of physiography, geology, 
and paleontology. Contains a bibliography of all im- 
portant works on Venezuela and Trinidad. Bound in 
durable, green cloth; gold title. 


Price Postpaid $10.00 


Order from Paleontological Research Institution, 
126 Kelvin Place, Ithaca, New York. 


PETROLEUM INFORMATION 
announces the 
NEW 1946 17th ANNUAL 


RESUME OF 
ROCKY MOUNTAIN 


OIL AND GAS OPERATIONS 


now available 


150 pages of facts and figures including 
geophysical summarization . . . more 
than 12 structure and area maps of the 
region ... refining, pipe line and crude 
price statistics... . No advertising con- 
tent. $10 per copy. 

®Inquiries welcomed regarding our week- 


ly confidential report of oil activity in 
Rocky Mountain region, 


@Rocky Mountain region maps and well 
logs for sale. 


PETROLEUM INFORMATION 


Maury and Bill Goodin 
Continental Oil Bidg. 


DENVER, COLORADO 


GEOPHYSICS 


Offers the following 
subscription rates: 
U.S. Foreign 
One year, 4 issues 6.00 6.50 
Single copies 2.00 2.20 


Special discounts to public libraries 
and government agencies 


Address subscriptions to 


SOCIETY OF EXPLORATION 
GEOPHYSICISTS 
P.O. Box 1614 
Tulsa, Oklahoma 


1947 Printing 


POSSIBLE FUTURE 
OIL PROVINCES 
OF THE 
UNITED STATES 
AND CANADA 


A_ symposium conducted by the Research Com- 
mittee of The erican Association of Petro- 
leum Geologists, A. I. Levorsen, chairman. 
Papers read at the Twenty-sixth Annual Meeting 
of the Association, at Houston, Texas, April 1, 
1941, and reprinted from the Association Bulle- 
tin, August, 1941, 


Edited by 
A. I. LEVORSEN 


154 pages, 83 illus. 

Price, $1.50, Postpaid 
($1.00 to A.A.P.G, members and 

associate members) 


AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 
Box 970, Tulsa 1, Oklahoma 
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GRAVITY METER 


EXPLORATION CO. 
W. G. SAVILLE » A.C. PAGAN LL. NETTLETON 


Esperson Building, Houston, Texas 
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MIOCENE STRATIGRAPHY 
CALIFORNIA 


By ROBERT M. KLEINPELL 


This Work Establishes a Standard Chronologic-Biostratigraphic Section 
for the Miocene of California and Compares It with the Typical 
Stratigraphic Sequence of the Tertiary of Europe 
450 pages; 14 line drawings, including a large correlatiom chart in porti 22 full- 
tone plates of Foraminifera; 18 tables yt Bs lists, and a renee chart of 15 pages). 
Bound in blue cloth; gold stamped; paper jacket: 6 x 9 inches. 
“One must admire the painstaking determination with which so many 
of Foraminifera were collected, identified and tabulated. Such labour 3 scarcely have been 
Ng of without the stimulus which the search for oil has given to the detailed a of Foramini- 
should be standard Miocene o of for years to come.’ 
A.M.D “Nature,” Vol. 144 (London, December aa, 1989), p. 1080. 


PRICE: $5.00, POSTPAID 
($4.50 TO A.A.P.G. MEMBERS AND ASSOCIATES) 


The American Association of Petroleum Geologists 
BOX 979, TULSA 1, OKLAHOMA, U.S.A. 


inti. 


JOURNAL OF PALEONTOLOGY 
JOURNAL OF SEDIMENTARY PETROLOGY 


Annual Annual Non-Member 


S.E.P.M. Dues Subscription 
JOURNAL OF PALEONTOLOGY $5.00 $6.00 
JOURNAL OF SEDIMENTARY 
PETROLOGY 3.00 3.00 
BOTH JOURNALS 8.00 9.00 


BACK VOLUMES AT HALF PRICE 
TO MEMBERS AND SUBSCRIBERS 


Per Vol. 

Jour. Pal., Vol. 1 (1927) unavailable 

Vol. 2 (1928)—Vol. 8 (1934), each complete, 4 Nos, ... ......... $3.00 

Vol. 9 (1935)—Vol. 11 (1937), each complete, 8 Nos, ............ 3.00 

Vol, 2 (1932)—Vol. 7 (1937) each complete, 3 Nos, .............. 1.50 

a BACK VOLUMES AT REGULAR PRICES 

Jour. Pal., Vol. 12 (1938)—Vol. 20 (1946), each complete, 6 $6.00 
Sed. Petr., Vol. 8 (1938)—Vol. 16 (1946), each complete, 3 Nos. ............ 3.00 


SOCIETY OF ECONOMIC PALEONTOLOGISTS AND MINERALOGISTS 
BOX 979, TULSA 1, OKLAHOMA 


IN THE 


7" FILTRATE from a water base drilling fluid is water 
and, in many cases, water plus fine solid or silty ma- 
terials or chemicals. This filtrate, common to all water base drilling fluids, 
is squeezed out of the mud and into the formation around the borehole 
because the pressure of the mud against the formation being drilled 
must be in excess of the formation pressure in order to control the well 
while drilling with rotary tools. This water remains in place until the well 
is brought on production. At this time “free” water is displaced by oil or 
gos. A quantity of the water will always remain held in place between 
the tiny particles of the f tion by capillary action and is not dislodged 
even by excessive pressures. This locking of the particles of water in the 
crevices between the sand grains is known as “water blocking” and is 
due to Jamin action*. This water blocking decidedly restricts production 
and the ultimate recovery of oi: from the well. The tighter the producing 
formation the more complete is this water blocking action. Even in very 
permeable formations this water blocking is still very detrimental. 


“BLACK MAGIC” ELIMINATES WATER BLOCKING 


Black Magic oil base drilling fluid as the comparative curves 
show, eliminates water blocking. There is no free water in Black 
Magic. While Black Magic has only a 
paper thin “cake,” there is a zero filtrate 
loss. Due to elimination of water blocking, 
there can be no displacement of connate 
water in core samples. Accurate informa- 
tion for development evaluation is obtainable with Black 
Magic as with no other medium. 


Schematic view of oil sands surrounding the 

zone of production showing how the surface 

tension of water particles locks them in the 

minute crevices thereby blocking off the flow 
of crude oil. 


Consider some of the many other advan- 3 
tages.of Black Magic: May be regenerated and used over & 
and over again. Is not affected by salt, anhydrite, gypsum, 
limestone, or cement, therefore, no expensive chemicals 
are needed. “Heaving”’ or hydrous disintegrating shales 
remain in place due to Black Magic’s perfect plastering 
and lack of water filtrate. 


hour “Biack 
Fittrate toss hour Woter ce, 


ee 
pe al paper 
reprints of or wt 
nu nd 
mi infor 
esrb raps of these inf Synthetic cores of 500 m/d mudded off—one with Black Magic, one with @ starch 
for your noetes, CALF: treated clay mud. Cores were depl d with simulated crude (80% white eil, 
Ince Los A Jamin 20% K ) and p bili d over a nine hour peried. Note approxi- 
se ANNEX, nts describing 
send m0 the free ate full y of original bility in one hour by core mudded off with Black Mogic. 


This is why your production is i d—you are producing from all of the oil zone ~ 
when you have used Black Magic—instead of less than half of it due to water-blecking 
and mudding off with water base mud. 


ye 
“atl, 
: 
a 
ORIGINAL PERMEABILITY OF Co 
RES 500 m/a 
‘ 
| 55,0% 
| 
5. 
T 
OIL BASE, Inc. 
BOX 3735 TERMINAL ANNEX LOS ANGELES, CALIF. 
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PRACTICAL PETROLEUM 
ENGINEERS’ HANDBOOK 


Reprint of 
SECOND EDITION 


By JOSEPH ZABA 
and 
W. T. DOHERTY 


This book was written by practical oil men. The tables were compiled so that they can be used 
by anyone to meet practical field situations without further calculations, and will fit 99% of the 
conditions under which the average operator is working in the field. 


The second edition of the PRACTICAL PETROLEUM ENGINEERS' HANDBOOK has been com- 
pletely revised and enlarged. Many changes which have been made in the Standard Specifications 
of the American Petroleum Institute, particularly in pipe specifications, are incorporated in this 
second edition. Several tables are rearranged and charts enlarged to facilitate their use. Table 
of Contents and Index are more complete. Also about 90 pages of new formulae, tables, charts 
and useful information have been added. 


This handbook was compiled and published for the purpose of saving the time of operators, 
engineers, superintendents, foremen and others. 


TABLE OF CONTENTS 
Chapter | —General Engineering Data 
Chapter I| —Steam 
Chapter II] —Power Transmission 
Chapter IV —Tubular Goods 
Chapter V —Drilling 
Chapter VI —Production 
Chapter VII —Transportation 
Semi-Flexible Fabrikoid Binding, size 6 x 9, 492 Pages. Price: $6.00 Postpaid 


Send Checks to the 


GULF PUBLISHING COMPANY 
P. ©. BOX 2608, HOUSTON, TEXAS 
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pari in 1000... 
Range 4360" (-760"t0 3,600") in tt 

10600° 900" to 9, 200" 

ype SAS: Range 18000" (500° to + 14,5009 tn 

_ All models priced $200 complete with case, hand & shoulder 

straps, magnifier and thermometer. IMMEDIATE DELIVERY — 
~—see your dealer or write direct for 


AMERICAN PAULIN SYSTE 


Manufacturers of Tustruments 


all preliminary 
— 
ch Money will this instrument save YOUR 
NSS 
| 
~ 


Bulletin of The American Association of Petroleum Geologists, March, 1947 xIvii 


Spencer Stereoscopic Microscopes 
provide a complete microscope op- 
tical system for each eye, thereby 
creating vivid depth perception. 
They are noted for large field... 
brilliant resolution ... great depth 
of focus. Magnifications range from 


6x to 144x. For descriptive liter- 
ature on Spencer Stereoscopic Mi- 
croscopes write to Dept. P29. 


American @ Optical 


COMPANY 
Scientific Instrument Division 
Buffalo 15, New York 
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ree 
+ 


xlviii 


Bulletin of The American Association of Petroleum Geologists, March, 1947 


Second Printing, 1947 Now Ready 


STRUCTURE 


OF 


TYPICAL AMERICAN 
OIL FIELDS 


A SYMPOSIUM ON THE RELATION OF 
OIL ACCUMULATION TO 
STRUCTURE 


In Two Volumes By Many Authors 


Originally published in 1929, the supply was soon exhausted and the 
continued demand has justified the current reprinting of this gen- 
erally accepted description of oil fields. 800 requests are on the wait- 
ing list. The total edition is 1,000. 


CONDENSED CONTENTS BY STATES AND FIELDS 
Vol. I—510 pp., 190 illus. Cloth. 6 x 9 inches. $3.00 


ARKANSAS: Irma. CALIFORNIA: McKittrick. INDIANA: Tri-County. 
KANSAS: Fairport, Coffeyville, Rainbow Bend, Nemaha Mountains. KEN- 
TUCKY: Eastern Coal Field. LOUISIANA: Urania. MICHIGAN: Saginaw. 
NEW MEXICO: Artesia. OHIO: Eastern. OKLAHOMA: Morrison, Mervine, 
Ponca, Blackwell, South Blackwell, Garber, Crinerville, Turkey Mountain, Bur- 
bank, Glenn. TENNESSEE: Tinsleys Bottom, Celina, Spurrier-Riverton, Sumner 
County, Spring Creek, Glenmary, Bone Camp. TEXAS: Luling, Westbrook, Wil- 
barger County, Mexia and Tehuacana Fault Zones, Laredo, Archer County. WEST 
VIRGINIA: Copley, Cabin Creek. INDEX. 


Vol. II—750 pp., 235 illus. Cloth. 6 x 9 inches. $4.00 


ARKANSAS: Stephens. CALIFORNIA: Santa Maria, Ventura Avenue, Elk 
Hills, Long Beach. COLORADO: Florence, Northwestern. ILLINOIS: Centralia, 
Sandoval, Martinsville. KANSAS: Virgil, Madison, El Dorado. LOUISIANA: 
Caddo, Homer, Bellevue. MONTANA: Kevin-Sunburst. NEW YORK: Cattarau- 
gus, Allegany, and Steuben Counties. OKLAHOMA: Hewitt, Cromwell, Semi- 
nole, Delaware Extension, Depew, Cushing. PENNSYLVANIA: Bradford, 
Scenery Hill. TEXAS: West Columbia, Stephens County, Yates, Big Lake, Pe- 
trolia, Smith-Ellis.s WEST VIRGINIA: Griffithsville, Tanner Creek, Granny 
Creek, Grass Creek, Lost Soldier. SUMMARY: Role of Structure in Oil Ac- 
cumulation. INDEX. 


PRICE, TWO VOLUMES, $7.00, POSTPAID 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
Box 979, TULSA 1, OKLAHOMA, U.S.A. 
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149 York 
Mr. A, ¥. 
Gulf Coast Office 
‘223 Esperson Bldg., 

Houston, Texas 
Mr. C. C. Hutchinson 


Each component of the Century Recording 
Truck is held to a rigid standard of performance. 
Each is engineered to the others to provide 
greater ease of operation and more accurate 
records. Unitized instrument assembly con- 
sists of two banks of 12 amplifiers with mixing 
panels, master control panel, and oscillograph. 


Camera produces vivid black on white 
records on 2 to 8 inch paper. Daylight 
operation. Variable high pass and low pass 
filters in amplifiers provide maximum flex- 
ibility. High signal to noise ratio. Less 
distortion a feature of completely auto- 
matic volume control. Electromagnetically 
damped, tubular galvonometers, hermetic- 
ally sealed. High natural frequency. Small, 
light, rugged seismometers. 


The name Century will appear 
only on the finest Geophysical 
equipment possible to produce. 


GEOPHYSICAL CORPORATION 
TULSA 6, OKLAHOMA 


— 
| 
SARS 
‘ 
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Do You Have One Handy? 


DIRECTORY OF GEOLOGICAL MATERIAL 
IN NORTH AMERICA 


By 


J. V. HOWELL AND A. I. LEVORSEN 
Tulsa, Oklahoma, and Stanford University, California 


I. General Material :—National and continental in area 


A. Publications and non-commercial publishing agencies, regional, national, and 
continental 


. Bibliographies, general 

. Dictionaries, glossaries, encyclopedias, statistics, handbooks 
. Miscellaneous books and publications of general geological 
Commercial map publishers 

. Regional and national geologic and physiographic maps 


. State and Province geological maps 


ao 


. Trade journals: oil, gas, mineral industry 
I. Libraries furnishing photostat and microfilm service 


J. Thin-section and rock-polishing service 


II. Specific material :—State and Province in area 
A. Canada, by provinces and Newfoundland 
B. Central American countries 
C. Mexico 
D. United States—states and territories 


Originally published as Part II of the August, 1946, Bulletin. 


PRICE, 75¢ POSTPAID 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA 1, OKLAHOMA, U.S.A. 
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Fic, 20.—Cerro Bernal, volcanic plug. (Reproduction of sketch by 
Captain G. F. Lyon, 1828; redrawn by F. S. Howell.) 


GEOLOGY OF THE TAMPICO REGION 
MEXICO 


By JOHN M. MUIR 
1936 


“This book deals primarily with the geology of the Tampico embayment, but the author has 
viewed his objective with a broad perspective and presents the oil fields of that area against 
a background of the geologic history of Mexico. .. . (It) is an authoritative work by an 
expert on an area which has been one of the most important oil-producing regions of the 
world. The excellent areal geologic map of the Tampico embayment and the structure maps of 
the oil fields are significant contributions to Mexican geology. The extensive faunal lists from 
definite localities in each formation will be welcomed by students of earth history who seek 
to correlate the events in Mexico with the panorama of geologic development throughout the 
world.”—Lewis B. Kellum, of the University of Michigan, in Bull. Amer, Assoc. Petrol. Geol. 


280 pp., including appendix, bibliography, gazetteer, index, 15 half-tones, 41 line drawings, 
including 5 maps in pocket, 212 references in bibliography 
Bound in blue cloth; gold stamped. 6 x 9 inches. 


PRICE, $4.50, POSTPAID ($3.50 TO MEMBERS AND ASSOCIATES) 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA 1, OKLAHOMA, U.S.A. 
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"AT ANY DEPTH OR FORMATION WITH 
The ‘BR Wire Line 


THESE CORES 
WERE TAKEN AT A 
DEPTH OF 12,856 FT. 

WITH THE 
REED “BR” 
Wine Line 


CORE DRILL 


For conventional coring the Reed Kor-King, with its simplified construction, has 
advantages for uniformly good coring not to be found in any other core barrel. 
The Reed “BR” Wire Line drilling and coring outfit has proved itself in fields 
throughout the world and is especially adaptable to drilling slant holes, for 
those operators doing directional drilling work. 
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